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Because ETHICON Surgical Gut is Collagen- 
Pure, it is virtually non-antigenic...causes 
minimal tissue reaction. And the strength and 
pliability inherent in Collagen-Pure Sutures 
are preserved by Electron Beam Sterilization. 

^ collagen-pure surgical gut 

electron beam sterilized 
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BROWN-HARRISON 


BLOOD HEAT EXCHANGER ASSEMBLY 
For Use With Extracorporeal Circulation 

DESIGNED TO BE USED WITH ANY TYPE HEART-LUNG MACHINE ,- 

De\eloped for clinical use and research and as a means of producin';, con- 1 T 

trolling and correcting Inpothermia during extracorporeal bv-pasx and for j 

maintaining normal blood temperature during extracorporeal circulation ' ' 

when In pothermia might be considered undesirable. ! itf 


Only 175 cc. of blood arc required 
to fill the exchanger. The over-all 
length is approximately IS.5". di¬ 
ameter 2.75", weight approximate¬ 
ly 7 lbs. 

SPECIAL FEATURES 

• Cooling and warming tempera¬ 
tures automatically maintained 
within 1 : degree E. 

• Automatic hot and cold water 
blending with single control. 

• Completely portable, requiring 
levs than 2.5 square feet tloor 
space. 

• Fabricated of type 30-1 stainless 
steel. 

• Designed for through cleaning 
and steam sterilization. 

Graphs and photos illustrate heart 
transfer characteristics of both the 
single unit exchanger (upper right, 
completely assembled) and double 
unit exchanger (lower right, two 
exchanger units in scries) at vari¬ 
ous blood flow rates ansi a water 
flow rate of II.COO cc. nun. 

Where greater heat transfer capac¬ 
ity is desired for clinical use with 
large patients or for research ap¬ 
plication. a special ad ipter max be 
used to join two exchanger on-ts 
in series as shown in lower right 

Write for brochure describing tech 
detail*, accessories, and p'icc iis'iny 



I : i ;-:- — ; 

900 1300 8300 3300 4300 3300 

61.000 flow - ccvwi*. 
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MAYO PROFOUND HYPOTHERMIA APPARATUS and 
the IBM-MAYO INTRACARDIAC SUCKER SYSTEM 


The MAYO PROFOUND HYPOTHERMIA APPARATUS was developed in coopera¬ 
tion with Mayo Clinic and is used to induce and reverse profound hypothermia by right and 
left by-pass. This apparatus has been in use clinically and was exhibited at the Florida Tho¬ 
racic Meeting. It consists of two constant volume reservoir and blood pump systems, heo' 
exchanger, filling reservoir and arterial Filter. The pumps are of the new Mayo single 
roller design and run totally occlusive. The apparatus is designed to operate automatically 
or under manual control. A principal object of the design is to minimize the priming 
volume. The following features are included: 

AN blood handling part? ore aufoclavable 

Arterial filter serves as bubble trop 

Seporotc icc bucVet corf and circulating pump 

Tv»o pump speed mdicotmg meters for visual observation 

Height mdicolor coltbrated with reference to suction at patient s atrium 

Pcservoir cart is 7»" x 33" and height is 25" adjustable l" up ard down 

Standard apparatus opera’es on 115 volts, 60 cycles 

Pr»Ca for the jfendo'd machine is S3,7c0 00, FOB, St. lowi, /Missouri Separate componenti for use wi*h 
e*rs*rg apparatus no/ be pjrchasrd. A'odefs o ce'o'inn of o'hor vo/toge: and frequencies ore a/atloblc 
f.'cdif co* or o f your eiuf.ng equipment o^d cusrom dr', gn o*o</ob/e on q joia'ion 


The IBM-MAYO INTRACARDIAC SUCKER SYSTEM was devc’opcd by International 
Business Machines Corporation in collaboration with Mayo Clinic. It consists of a reservoir, 
pump, vacuum regulator, vacuum gouge, and a mechanical level sensor to control the 
pump. The system is designed to provide efficient and atraumatic return of mtracardiac 
blood to any pump-oxygenator and it affords the following advantages 

Pro do fc- r^:.r- frrcicl c' feed *rc~ ‘h- cp~ c m — 

rrc-r-3 *e I 1 *? feed 

A--: fee- c- 1 - 'e' c-'-’t c-e t!OT r~r’c/rd 

A.' b.bbVj c.'e-e 1 's' r r'^-r—'d ‘tc- '-'fi-i r-T oy-e-e'e- 

fe-r c< re-e.e' <---. r .e-.-d b/ r-=--e' ee--e' e 1 t." e~ r'--.-. 

A 1 * Vc* 4 . h-'- 4 — pe-i c'c c-*cc‘e«cb*r 
*,»--v. * y-^19“ » 12“ x W h-h 
c- 115 vrvc'o 

F' : , c’ * <* :a' 1- " > S • -- - f -r " ‘ 
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for cardiac arrhythmias ... obvious advantages 




Pronestyl offers obvious advantages over quinidine and procaine in the management of can 
arrhythmias: "Procaine amide (Pronestyl] should be the drug of choico in arrhythmias of ven 
origin." ’-on oral administration, side effects are less marked than with quinidine-adminlsterc 
I. V„ Pronestyl is safer than a corresponding I.V. dose of quinidine—administered I M. f Pronesty 
faster than I. M. quinidine-—Pronestyl sometimes stops arrhythmias which have not responde 
quinidine 3 ■‘—Pronestyl may be used in patients sensitive to quinidine—more prolonged actior 
toxicity, less hypotensive effect than procalne-no CMS stimulation such as procaine may pro 

Supply: For convenient oral administration: Caosules, 0.25 gm., in bottles of 100 

For I. M. and I. V. administration: Parenteral Solution, 100 mg. per cc„ in vials of 10 ci 
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Electron Beam Sterilization preserves the natural 
elasticity of collagen. As a result Electron Beam 
Sterilized ETHICON surgical gut is more pliable, 
and averages about 10 per cent stronger, too. 


* electron beam sterilized surgical gut 
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Take the needle out of the patient... 

...andensure optimum patient comfort during intravenous infusion, by use of the Bardic® Deseret Intracath® 
This ingenious unit (sterile and ready for use) makes the venipuncture and places a soft, pliant catheter in the vein 
... the needle is then withdrawn and becomes an adapter for any I.V. set . No rigid needle remains in the vein; 

no armboard is needed • Most venous cutdowns are eliminated; scrubbing or gloving is not required 
. As the Intracath may be left indwelling for several administrations, there is less trauma, minimized reaction, 
and the need for repeated venipunctures is reduced. The Intracath is convenient and 
time-saving for the hospital; safer, more comfortable for the patient 


C. R. BARD, INC. • SUMMIT, N. J. 



,,,, , Rardic ? Desere t Intracath 1> ,» ala,table through your HospHal,Surg.cal Supply Dealer 6~ or 12~ calheler 
T/.e Bardic Dcser ^ ^ ^ ^ gnd rfrtolW Procedure for Introduction, request Bard brochure ^ 
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Because ETHICON Surgical Gut is Collagen- 
Pure, it is virtually non-antigenic...causes 
minimal tissue reaction. And the strength and 
pliability inherent in Collagen-Pure Sutures 
are preserved by Electron Beam Sterilization. 


collagen-pure surgical gut 

electron beam sterilized 
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Post-Operative Must 

For Chest Surgery 






The Gomco No. 766 Thermotic® Thor¬ 
acic Pump is a special-purpose unit, de¬ 
signed specifically for post-operative 
treatment of chest surgery cases. Requir¬ 
ing a minimum of attention, it operates 
continuously over extended periods of time. 

The 766 provides a high volume of suc¬ 
tion at low negative pressure. Approxi¬ 
mately 160 litres of air per hour are evac- 
uated on the low setting; approximately 300 
litres on the high setting. The easy-to-read manom¬ 
eter scale provides visual indication of the functioning 
of the apparatus. Negative pressure can be regulated 
from 0 to 25 centimeters of water. Easily rolled on 
rubber-tired casters, the greater portion of the unit 
conveniently slides under the bed. Height of the m>- 
nometer stand is 34 . 

See why leading hospitals throughout the world provide 
chest surgeons with the many benefits of the Gomco 
No 766 Thermotic® Thoracic Pump. y our Gomco 
dealer w. 1 be glad to demonstrate this or any of the 
other quality units in the broad and varied Gomco line. 


Gomco No. 766 

Thermotic® 
Thorocie Pump 


GOMCO SUR GICAL MANUFACTURING C QRp 

Distributed Outside che U. S. ^ Y?* 6 *** 1 EUCTR ' C 
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Take the needle out of the patient... 

...and ensure optimum patient comfort during intravenous infusion, by use of the Bardic® Deseret Intracath® 
This ingenious unit (sterile and ready for use) makes the venipuncture and places a soft, pliant catheter in the veu 
... the needle is then withdrawn and becomes an adapter for any I.V. set • No rigid needle remains in the vein; 

no armboard is needed • Most venous cutdowns are eliminated; scrubbing or gloving is not required 
• As the Intracath may be left indwelling for several administrations, there is less trauma, minimized reaction, 
and the need for repeated venipunctures is reduced. The Intracath is convenient and 
time-saving for the hospital; safer, more comfortable for the patient. 


C. R. BARD, INC. • SUMMIT, N. J. 



The Bardic'S Deseret IntracathS is mailable through your Hospital/Surgical Supply Dealer in 6' or 12' catheter lengths, u< 
14, 17 or 19 gauge needles For complete information and detailed Procedure for Introduction, request Bard brochure CS 
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Announcing Production Models of the 

MAYO PROFOUND HYPOTHERMIA APPARATUS and 
the IBM-MAYO INTRACARDIAC SUCKER SYSTEM 

The MAYO PROFOUND HYPOTHERMIA APPARATUS was developed in coopera¬ 
tion with Mayo Clinic and is used to induce and reverse profound hypothermia by right and 
left by-pass. This apparatus has been in use clinically and was exhibited at the Florida Tho¬ 
racic Meeting. It consists of two constant volume reservoir and blood pump systems, heat 
exchanger, filling reservoir and arterial filter. The pumps are of the new Mayo single 
roller design and run totally occlusive. The apparatus is designed to operate automatically 
or under manual control. A principal object of the design is to minimize the priming 
volume. The following features are included: 

All blood handling parts are autodavable. 

Arterial filter serves as bubble trap 

Separate ice bucket cart and circulating pump 

Two pump speed indicating meters for visual observation 

Height indicator calibrated with reference to suction at patient s atrium 

Reservoir cart is 24" x 33". Height is adjustable 

Standard apparatus operates on 115 volts, 60 cycles 

Price for the standard machine is $8,780 00, F.O B , St Louis f Missouri Separate components for use with 
existing apparatus may be purchased Mode/s operating at other voltages and frequencies are available 
Modification of your existing equipment and custom design available on quotation 


The IBM-MAYO INTRACARDIAC SUCKER SYSTEM was developed by Infernafiona) 
Business Machines Corporation in collaboration with Mayo Clinic. It consists of a reservoir, 
pump, vacuum regulator, vacuum gauge, and a mechanical level sensor to control the 
pump. The system is designed to provide efficient and atraumatic return of intracardiac 
blood to any pump-oxygenator and it affords the following advantages- 

Provides for efficient removal of blood from the open heart with a minimal 
trauma to the blood 

Anti-foam or similar agents are NOT employed 

Air bubbles automatically prevented from entering pump oxygenator 

Rate of removal easily varied by manual control of suction pressure 

All blood handling parts are autodavable 

Machine measures 19" x 12" x 16" high 

Operates on 115 volts, 60 cycles 


Price for the system is $1,890 00, F O B , St, Louis, Missouri 

For Complete Specifications Write or Call 

Custom Engineering and Development Co. 

2647-49 Locust Street, St. Louis 3, Missouri phone: Jefferson 5-7800 
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and the femoral artery, complete cardiopulmonary bypass was instituted the 
left atrium was opened widely and the mitral valve was excised. The prosthesis 
was then inserted in the manner described and illustrated later. Aftei the 
atriotomy had been closed and bypass discontinued, the competency of the valve 
was assessed by measurements of left atrial pressure and the tension on the 
chordae was adjusted (Fig. 4). A mean left atrial pressure of 8 to 12 mm. Ilg 
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mm 

Fig 4 —Left atrial pressure tracings obtained in an experimental animal before and after 
adjustment of the tension on the chordae of the prosthetic valve 

was considered evidence of satisfactory valve function when systemic arterial 
pressure was normal, and this level of atrial pressure was achieved in six of the 
last ten experiments. 

In the initial experiments no systematic attempt was made to obtain 
survival since not only were valves of various designs employed hut the tech¬ 
nique of insertion was also modified continually. In more recent operations, 
when the design of the valve and surgical technique had been standai’dized, 
chronic survival was still not achieved but 4 dogs lived from 8 to 40 hours. In 
them, autopsy revealed that the valve surface was covered with a thin layer of 
fibrin but clot formation was never observed; there was no evidence that death 
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would be most likely to provide an effective functional substitute. Such a design 
takes advantage of ventricular contraction as well as the pressure differences be¬ 
tween the atrium and ventricle. Wax or plaster easts were made of the mitral 
ring and the mitral valve leaflets in fresh normal or diseased human hearts and 
in the hearts of normal dogs and calves (Fig. 1). The casts were trimmed and 
smoothed and from them two-piece molds were made of D eve on, an industrial 
molding compound' (Fig. 2). In constructing the valve, a thin piece of knitted 
Dacron fabric was stretched over the male half of the mold and secured around 


} 

t 



i 
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Fig 1.—Plaster (left) and va\ (nyht) casts of the mitral \al\e made at autopsy 



Fig. 2 —A completed mold in Inch the \ ah e is fabricated 

its base. The female half of the mold vas then half-filled with catalyzed liquid 
polyurethane t and the mold was quickly closed and compressed. The valve was 
cured in the mold overnight, then removed and trimmed. The valve orifice was 
cut and “chordae tendineae” of Teflon tape were sutured to the leaflets as shown 
in Fig. 3. 

Valves constructed in the manner described were used for complete re¬ 
placement of the mitral valve in 27 dogs A left thoracotomy was made since it 
was found that the small left atrium of the normal dog could be incised more 
widely from this approach. After cannulation of the jugular and femoral veins 


•Manufactured bv the Dercon Corporation, Danters, Mass 
fManufactured by American Latex Company. Han thorne, Calif 
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Fig 4.—Left atrial pressure tracings obtained in an experimental animal before and after 
adjustment of the tension on the chordae of the prosthetic valve. 

was considered evidence of satisfactory valve function when systemic arterial 
pressure was normal, and this level of atrial pressure was achieved in six of the 
last ten experiments. 

In the initial experiments no systematic attempt was made to obtain 
survival since not only were valves of various designs employed but the tech¬ 
nique of insertion was also modified continually. In more recent operations, 
when the design of the valve and surgical technique had been standardized, 
chronic survival was still not achieved but 4 dogs lived from 8 to 40 hours. In 
them, autopsy revealed that the valve surface was covered with a thin layer of 
fibrin but clot formation was never observed; there was no evidence that*death 




4- BRATZNWAED, COOPER, MORROW J. Thoracic and 

Cardiovas. Surg. 

resulted from mitral regurgitation or stenosis since pulmonary edema was not 
evident. In the entire experimental experience it was thought that death was 
pi’ineipallj' related to the teclmical difficulties of suturing the valve into the 
normally small and thin-walled atrium of the dog. In several distances the 
sutures tore the annulus and massive bleeding ensued; in other experiments the 
animals died of the sequelae of prolonged perfusion. 

In spite of the difficulties described, it was considered that the basic ob¬ 
jective, a satisfactory prosthetic valve, had been achieved and experience with 
reconstructive operations indicated that the technical problems of its insertion 
in patients would be far simpler than in the normal dog. 

POST-OR 
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Fig-. 5.—Records of left atrial (LA), left ventricular (LY), and brachial arterial (BA) 
pressures obtained in patient G. D. at preoperative catheteri 2 ation (left) and after insertion of 
the prosthetic valve (right). 

CLINICAL APPLICATION 

The prosthesis described has been employed in 2 patients for complete 
mitral valve replacement. 

Case 1.—G. D. was a 16-year-old schoolgirl in whom no history of rheumatic fever was 
obtained. She had been relatively well until 2 years before admission when she began 
to experience dyspnea, fatigability, and ankle edema. All of these symptoms progressed 
and she had been hospitalized on several occasions in congestive heart failure. There 
was a prominent left ventricular lift and a systolic thrill at the apex. A Grade 4/6 
systolic murmur was audible over the whole precordium, maximal at the apex and referred 
to the axilla. >'o diastolic murmur was present. The chest roentgenogram showed gross 
cardiac enlargement with prominence of the left ventricle and a greatly dilated left 
atrium. The electrocardiogram revealed atrial fibrillation. 

Combined right and transseptal left heart catheterization showed the right ventricu¬ 
lar pressure to be elevated (52/10 mm. Hg). The Ivr^ test of 2.6 per cent in this chamber 
excluded a left-to-riglit shunt. The mean left atrial pressure was 27 mm. Hg and peaks 
of the v waves were 50 to 60 mm. Hg. There was no diastolic gradient across the mitral 
valve (Fig. 5). 
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At operation (March 10, I960) the anterior leaflet of the mitral valve was found to 
he contracted, deformed, and extensively scarred. Both leaflets were excised and the 
prosthesis inserted. Bleeding from a tear in the left atrial suture lino necessitated pro¬ 
longed partial cardiopulmonary bypass until it could be controlled. At the conclusion of 
the procedure, simultaneous measurements revealed a satisfactory reduction in mean left 
atrial pressure and a small mitral diastolic gradient (Fig. 5). Palpation of the functioning 
valve revealed it to bo mobile and only a slight regurgitant jet could be felt, apparently 
localized to the posterior commissure. 

Postoperativelv the patient reacted promptly, was alert and maintained a normal 
blood pressure without support. The cardiac rhythm spontaneously Teverted to a sinus 
mechanism. Only a faintly audible systolic murmur was present. After the lirst 2 hours, 
however, she became oliguric and the serum potassium, in spite of treatment, tosc to 7.3 
mEq. per liter. She suddenly became hypotensive and died CO hours after operation. 

At autopsy the valve was found to be in good position and its atrial surface showed 
no fibrin or clot. Inspection from the ventricular aspect revealed that in placement of 
the artificial chordae, one had inadvertently been passed behind the other. This had 
resulted in obstruction to the valve opening where the chordae crossed. A fibrin clot 
occupied this area. 




PRE-OP 


APEX 
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< 

Case 2.—M. H. is a 44-year-old housewife in whom a heart murmur and cardiac en¬ 
largement had been noted since the age of 3 years. There was no history of rheumatic fever. 
She had had dyspnea and fatigability for many years and since a pregnancy in 1943 all her 
symptoms had progressed. Six months before admission, congestive failure, edema, orthopnea 
and pleural effusion had necessitated hospitalization. 

She was thin and appeared chronically ill. The neck veins were dilated, the blood 
pressure was 110/,0 mm. Hg and the pulse completely irregular at a rate of 70 to SO 
Numerous crackling rales were heard at both lung bases. The heart was enlarged the 
apical impulse lying in tl.e seventh intercostal space outside the anterior axillary'line 
Both left and right ventricular lifts were palpable and a systolic thrill was present\t the 
“f" V" JT >«»« tat I <Sa. 5 « 
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gross cardiac enlargement with prominence of the left ventricle, left atrium, and pulmo¬ 
nary artery. Thero was considerable pulmonary congestion. The electrocardiogram 
showed atrial fibrillation, right axis deviation, and nonspecific S-T segment and T-wave 
changes, as well as digitalis effect. 
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Fig. S.—Records of left atrial pressure obtained at preoperative catheterization (left) and after 
the insertion of the prosthesis (right) in patient M. H. 

At right heart catheterization the right ventricular pressure was elevated to 55/10 
mm. Hg and the right atrial mean pressure was 11 mm. Hg, Unexpectedly, a small left- 
to-right shunt entering the right atrium was demonstrated by inhaled K>ss tests. The 
catheter was then passed across an interatrial communication and into the left ventricle. 
Arterial indicator dilution curves recorded after left ventricular injection demonstrated 
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a prolonged descent compatible witli valvular regurgitation. The left atrial mean pressure 
was 20 mm. Hg and the pulse contour was that of gross mitral regurgitation (Fig. is). 
There was no diastolic gradient across the mitral valve. When the catheter was with¬ 
drawn across the interatrial septum a distinct pressure gradient between the left and right 
atria was recorded. 

It was considered that the patient had either an incomplete form of persistent atrio¬ 
ventricular canal or a small atrial septal delect of the usual type with rheumatic mitral 
regurgitation. At operation (March'll, I960) palpation of the interatrial septum revealed 
a small defect in the region of the foramen ovale. Palpation within the left atrium dis¬ 
closed gross mitral regurgitation through a scarred and thickened valve. There was no 
calcification. The valve lesion was considered to be of rheumatic rather than of congenital 
origin. A left atriotomy was made and the anterior leatlet was seen to be curled, 
thickened, and scarred; the posterior leaflet was rolled and immobile. Roth leaflets and 
their attachments to the papillary muscles were excised. The chordae of the prosthetic 
valve were placed and the valve sutured to the thickened annulus. The interatrial septal 
defect, which was 1.5 cm. in diameter, was closed with several interrupted sutures. I\ hen 
left ventricular output had been restored the chordae were adjusted in length until no 
regurgitant jet could be felt. Pressure measurements after the repair (Fig. S) showed 
a small diastolic gradient across the valve but the pulse contour characteristic of mitral 
regurgitation was absent. 

Postoperatively an elective tracheostomy was performed. The patient’s blood 
pressure was supported by small doses of Aramine for 24 hours, after which this was 
unnecessary. She has made a slow but uneventful recovery and is apparently well G 
weeks after operation. No precordial murmur is audible (Fig. 0). 

SURGICAL TECHNIQUE 

The operative method employed in each patient was similar. The patient 
is positioned supine with the right chest elevated to 30-40 degrees and a bilateral 
anterior thoracotomy is made extending over the right fifth intercostal space 
and toward the apex of the heart in the left sixth interspace (Fig. 9). Tapes 
are passed about the venae cavae and the aorta freed from the pulmonary artery 
to permit occlusion if necessary. The anterior wall of the left atrium is dis¬ 
sected from the right atrium if a large area of it is not evident. After cannula- 
tion of the venae cavae and femoral artery, bypass is instituted and a left 
atriotomy made (Fig. 10). The mitral valve is grasped and excised from the 
papillary muscles and annulus: a rim of valve tissue, 2 to 3 mm. in width, is 
left attached to the annulus. The anterior chorda of the prosthetic valve is 
threaded to a Reverdin needle and passed from the cavity of the left ventricle 
through its wall near the base of the anterior papillary muscle, the point of the 
needle being directed so that major coronary vessels are avoided (Fig. 11). The 
posterior chorda is similarly inserted through the ventricular wall near the base 
of the posterior papillary muscle. Each chorda is held with a clamp and a 
mattress suture of heavy silk placed and tied about the site of exit from the 
heart. The valve is then drawn into position and its commissures carefully 
aligned as the natural ones were. The free margin of the valve is then anchored 
with mattress sutures placed in four quadrants of the annulus and the fixation 
completed with continuous sutures between these points (Fig. 12). After the 
air has been evacuated from the heart the left atrium is elosed with a continu¬ 
ous everting mattress suture except for an area in the center of the suture line 
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where interrupted sutures are placed hut not tied. The finger is inserted through 
this opening and the vena cava tourniquets are loosened, pcnmttinj appioxi- 
mately half the systemic venous return to enter the heart. The length o cac i 
chorda is then adjusted until, by palpation, the valve is made maximally 
competent. They are fixed in this position to the left ventricular wall, buttressed 
by squares of Teflon felt. The final position of the prosthesis is shown m b ig. 

13. 



Fig. 12.—Fixation of the prosthesis to tile mitral annulus 

Fig. 13 —Final position and appearance of the prosthesis after insertion 


COMMENT 

In the design of the prosthetic valve described, it was considered that the 
degree of flexibility of the leaflets was of prime importance. When they were 
made too rigid not only was a relatively high pressure required to open the valve, 
but there was sufficient resistance to closure in systole so that regurgitation 
occurred. The extreme flexibility finally achieved precluded any form of 
internal fixation to prevent leaflet eversion and necessitated the artificial chordae 
tendineae employed. Early experience with the valve indicated that the length 
of the chordae was critical and that it was difficult if not impossible to correctly 
estimate their optimal length when they were sutured to the papillary muscles 
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or ventricle before the valve itself was inserted and functioning. For this 
reason the choi’dae were brought through the ventricular wall, adjusted and 
fixed in the manner described. This technique permits regulation of the tension 
on the chordae when the ventricle is effectively contracting and, by palpation, 
optimum competency can be obtained. 

Many plastic materials were evaluated in the fabrication of valves. The 
open-cell polyurethane foam surface eventually employed was selected because 
it had been shown to be nontoxie and to induce a minimal inflammatory re- 
sponse. E > 0 It was also considered that its structure would allow tissue ingrowth 
and eventual formation of an endothelial-like surface. The material has the 
additional advantage that it can be molded easily without special equipment. 

In each of the patients in whom the valve was inserted a small diastolic 
pressure gradient was present afterward. This observation has suggested 
certain changes in the design of the valve which should further improve its 
hemodynamic function. Preliminary studies indicate that a prosthesis molded 
until the leaflets in a more closed position may be preferable. This modifica¬ 
tion, which results in a relatively larger anterior or aortic leaflet, also permits 
a larger orifice to be made without regurgitation. In the surviving patient the 
left atrial pressures recorded before and after operation do not necessarily 
reflect the degree of hemodynamic improvement. Before operation an atrial 
septal defect was present; this communication served to decompress the left 
atrium and had it not been present the left atrial pressure would undoubtedly 
have been higher preoperatively. 

SUMMARY 

Prosthetic mitral valves, designed to simulate the normal valve, have been 
constructed of an open-cell polyurethane foam reinforced with Dacron fabric. 
The leaflets are controlled by artificial chordae tendineae which are brought 
through the wall of the left ventricle, the length of the chordae can be adjusted to 
proride optimum competency of the valve. After experimental evaluation the 
prosthesis was employed for complete replacement of the mitral valve in 2 
patients, 1 of whom survived. These patients are described and the details of 
the design and fabrication of the valve and the technique of insertion are pre¬ 
sented. 

ADDENDUM 

May 23, 1960.—The surviving patient remains well following discharge from the 
hospital. In the fifth postoperative week she developed fever but repeated blood cultures 
showed no growth and the fever subsided promptly after the administration of penicillin 
and streptomycin. At this time a faint apical systolic murmur is audible. 
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PARTIAL REPLACEMENT OF THE MITRAL 
VALVE WITH SYNTHETIC FABRIC 


Harold King, M.D., Chten Sheng Su, M.D., and 
foe G. Jontz, M.D., Indianapolis, Ind. 


INTRODUCTION 

A s the technique of the open approach for visual correction of mitral valve 
disease becomes better developed, it is evident that direct plastic recon¬ 
struction of the valve leaflet would often be desirable. In many instances the 
use of foreign tissues or materials would be necessary to restore the valve to a 
more normal anatomic state. The easy availability of synthetic fabrics would 
make their use desirable in this location. Whether healing would occur and 
good function result when plastic cloth was substituted for part of an actively 
moving valve, subjected to high pressure changes, was not known. The present 
study was therefore undertaken. 


METHODS 


Mongrel dogs weighing 11 to 18 Kg. were used. Anesthesia was induced 
and maintained with intravenous methohexital sodium.*' Respiration was con¬ 
trolled by insufflation of 100 per cent oxygen through an endotracheal tube. 
The animals were cooled to 33° C. in an ice bath. After they were removed 
from the bath, the esophageal temperature usually stabilized around 30° C. 
(28° to 32° C.). 

A right thoracotomy was carried out through the fourth intercostal space. 
A large plastic tube was inserted into the right atrium for the gravity drainage 
of venous blood to the pump-oxygenator. The left femoral artery was cannu- 
lated for arterial inflow from the pump and the right femoral artery for moni¬ 
toring of arterial blood pressure with a mercury manometer. A Sigmamotor 
pump and a large bubble oxygenator were used. The pump-oxygenator was 
primed with blood taken from donor dogs anesthetized lightly with methohexital 
sodium. Total cardiac bypass was established, usually at a flow rate of 40 c.c. 
per kilogram per minute. The heart was arrested with acetylcholine which was 
injected into the proximal aorta at a dosage of 10 mg. per kilogram of body 
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weight. The left atrium was entered through the interatrial groove. The 
atrium was completely cleared of blood by an aspirator. In one group of ani¬ 
mals, the central and basal portion of the aortic leaflet of the mitral valve was 
then incised close to and essentially parallel to the annulus. An elliptical piece 
of tissue, about 1 by 0.5 cm. in size, was excised. The defect was then grafted 
with a slightly larger piece of nylon or Teflon cloth. This was sutured into 
place with two or three running sutures of 5-0 arterial silk (Fig. 1, «). 

In another group, the septal leaflet and attached chordae tendineae were 
excised but for a small rim of leaflet tissue next to the annulus. An artificial 
leaflet was then fashioned from synthetic fabric. The outline was similar to 
that of the normal leaflet. It was sutured above to the rim of leaflet tissue 
adjacent to the annulus, and below' two extensions were sutured to each papillary 
muscle (Fig. 2, a). The left atrium and ventricle were then filled with saline 
solution and the left atrial wall v r as closed. The aspiration of the proximal 
aorta w T as carried out with a small needle before the aortic occlusive clamp was 
removed. In many instances, air was present in this location. If ventricular 
fibrillation occurred, it w'as converted to a more normal rhythm with electrical 
shock. 

Total cardiopulmonary bypass time ranged from 30 to 50 minutes and 
cardiac arrest from 20 to 40 minutes. The animals were rc-w'armed by immer¬ 
sion in hot water at 42° C. until the esophageal temperature reached 35° C. 


EXPERIMENTAL RESULTS 


Initially, operations were done without sterile precautions. Many animals 
did not survive because of errors in surgical technique or in the management 
of the cardiopulmonary bypass. Air embolism was a particularly difficult prob¬ 
lem. Some survived the initial postoperative pci'iod only to die from 3 to 7 
days afterward fi’om partial or total dehiscence of the suture line of the graft. 
Some failures resulted from infection and septic thrombosis of the left atrium ; 
other failures were a result of suturing the plastic material to an area of the 
leaflet which was too thin and delicate. Dehiscences of the suture line w'ere 
characteristically located near the free edge of the leaflet where the valve sub¬ 
stance wms tlxiruxest (Fig. 1,5). These animals w'ould characteristically do w r ell 
for 1 to 3 days after the operatioix; they w'ould then suddenly become ill and 
die within a few hours. 


As a result of these experiences, the operative techniqxxe xvas altered so that 
the incision in the leaflet w r as located in the thicker, more basal portion close to 
the annulus. Separation of the suture line did not then occur. Five animals, 
operated upon under aseptic conditions, tolerated pax-tial replacement of the 
major leaflet well and lived an active kennel life ixntil the time of sacrifice No 
cardiac murmurs were heard. In 3 of the 5, the left atrial and left ventricular 
pressures were taken 3 months after the grafting procedure. The pressxxre 
tracings were entirely normal and showed no evidence of mitral insufficiency 
in 4, nylon cloth was interpolated into the valvxxlar defect, and in the fifth" 
Teflon was used. The animals were sacrificed 3 months after the operative nro’ 
cedure. All of the grafts were invested with a layer of fibrous tissue which had 
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a smooth endothelial-like surface. One showed a moderate amount of fibrous 
thickening in the region of the suture line (Fig. 1, c). In the otlieis, the plas ic 
cloth was covered with a %ery thin layer of fibrous tissue (Fig 1, cl). None 
demonstrated any significant contracture of the leaflet tissue itse t. 

Complete replacement of the major leaflet was earned out on 
with aseptic precautions Nylon cloth was used in 2. One lived 10 and the 
other 13 days. Both died in congestive heart failure. Autopsy revealed mitt a 


5 animals 



Pig 2—Two illustration^ showing complete replacement of the major leaflet and attached 
chordae tendineae w 1 U 1 s> nthetic fabi ic 

g, A drawing which shows the size and configuration of the artificial leaflet. The two 
lateral extensions of the graft weie sutured to the papillarj muscles The extensions pre\ented 
eversion of the graft 

b, A. photograph of an artificial leaflet of Teflon fabric Follow mg placement of the graft 
the animal remained in good health foi 3 dajs and then became sick and died Overwhelming 
mitral insufficiency’ resulted when a lateral extension of the graft became detached from a 
papillary muscle The suture remained attached to the graft The fabric is partially covered 
w ith a smooth laj er of fibrin 


insufficiency to be present at both, extremities of the graft. It was our im¬ 
pression that the valve function could be improved by increasing the area of the 
synthetic leaflet. Teflon cloth was used in the next 3 dogs The grafts were 
made larger in size. One animal survived 18 days Death resulted from 
dehiscence of the thoracotomy incision. Autopsy showed the valve to be com¬ 
petent Another did \\ ell for 5 days and then died suddenly. Autopsy revealed 
one limb of the graft had become detached from the papillary muscle Severe 
overwhelming mitral insufficiency resulted (Fig 2, b). The third dog did 
veil for about 6 weeks when it became sick and inactive. The animal was 
sacrificed at 7 weeks. Once again the graft was found to be separated from one 
of the papillary muscles. 
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Neither of the synthetic fabrics used in this experiment was entirely 
suitable for valve replacement. Sutures frequently pulled out of the nylon 
cloth even though the edge was carefully coagulated with heat. The nylon was 
thin and approximated the consistency 7 of the leaflet tissue; however, it was in¬ 
elastic and had a tendency 7 to wrinkle. Sutures held well in the woven Teflon 
without special treatment of the cut edge. Unfortunately 7 , the Teflon fabric 
which was commercially available was considerably 7 greater in thickness and 
much less flexible than the mitral leaflet of the dog. Both fabrics were difficult 
to work with because of their inelasticity and relative inflexibility. Theoretically, 
the changing size of the mitral annulus and the normal variation in curvature 
of the leaflet from concave to convex with each heartbeat would make permanent 
pliability 7 of the graft material most desirable. For replacement of a large area 
or a complete leaflet, elastic fabrics and living homologous tissues, such as atrial 
wall, sliotdd be investigated. The commercially available woven Teflon fabric 
should be satisfactory in most instances for partial leaflet replacement in 
patients. 

Our results demonstrated that symthetic fabrics could be used successfully 
for partial replacement of the major leaflet of the mitral valve. The diaphanous 
character of the mitral leaflet of the dog made the technical problem of suturing 
the graft to the leaflet a difficult one. Good healing could not be expected if 
a portion of the suture line was located in the extremely 7 thin medial area. When 
the graft was placed in the thicker basal part of the valve, better results were 
obtained. 

Attempts to replace completely 7 the major leaflet of the mitral valve were 
all eventually 7 unsuccessful. The synthetic leaflets were made similar in con¬ 
figuration but slightly 7 larger than normal. These functioned astonishingly well 
for short periods of time. Dehiscence of the attachment of an extension of the 
graft to a papillary 7 muscle was the most common cause of failure. This fault 
undoubtedly 7 could be corrected by a change in operative technique. Fabrics 
more suitable for valve replacement than those used in this study 7 should also 
improve the results. Whether the flexibility of the graft would ultimately 7 he 
lost as the fabric became covered with fibrous tissue was a question this study 
did not resolve. In the 1 animal that survived 7 weeks following complete 
replacement of the major leaflet, the fabric was relatively stiff at the time of 
autopsy. In view of the excellent functional results obtained in the early post¬ 
operative period, it would appear reasonable that complete leaflet replacement 
would be feasible once suitable replacement fabrics or tissues are found. 

SUMMARY 

1. Synthetic fabrics can be used successfully for partial replacement of 
the major leaflet of the mitral valve. 

2. The problem of complete leaflet replacement is a difficult one and should 
be studied further. Some animals had good function of the mitral valve for 
short periods of time. All, however, eventually died from mitral insufficiency. 



THE EVALUATION OF MITRAL STENOSIS WITH SELECTIVE 
LEFT VENTRICULAR ANGIOCARDIOGRAPHY 

Viking Olov Bjork, M.D., and Herman Lodin, M.D., Uppsala, Sweden 

L eft ventricular angiocardiography is never primarily indicated for the 
4 evaluation of the stenotic component in miti'al valvular disease. Intro¬ 
duction of contrast medium direct into the left atrium by percutaneous injection 
over the ninth rib paravertebrally on the right side vvill provide much more 
reliable information about a mitral stenosis when tills is needed. In the course 
of left ventricular angiocardiography in the evaluation of mitral insufficiencj 
and aortic stenosis we have observed a typical doming of the stenosed mitral 
valve. After correlation of this roentgenologic sign with the findings at 
surgery, we consider it to be of significant diagnostic value. 

METHOD 

The patient is examined in the supine position, a needle being introduced 
through the apex beat and directed toward the second right costochondral junc¬ 
tion. The procedure is pei'formed under local anesthesia. One to one and one- 
half milliliters of 76 per cent Urografin per kilogram of body weight is injected 
at a rate of 30 ml. per second. The exposures (maximum time, 0.03 sec.) are 
made in two planes (frontal and lateral projection) with a frequency of 6 frames 
per second during and 1 to 2 seconds after the injection. The examination is 
concluded with a series of frames taken, at a frequency of 1 to 2 per second. 
During and 1 to 2 seconds after the injection, the carotid arteries are com¬ 
pressed in order to reduce the flow of contrast medium to the brain. 

RESULTS 

1. Open Mitral Orifice .—No dome formation was found in cases in which 
there was no mitral stenosis. One patient with a normal heart was investigated 
(Fig 1, A and B). In this case the blood from the left atrium during diastole 
rapidly found its way into the left ventricle causing a filling defect in the 
valvular area. In the anterior projection, however, the defect was sharply out¬ 
lined in its inferior part only, and not all around, as will be demonstrated in 
the cases with typical doming of the fused mitral valves. In most patients with 
no mitral stenosis, the anterior projection will show at most a poorly defined 
defect in the ventricular contrast (Fig. 2, A). 

From the University Hospital, Uppsala. Sweden. 
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Fig, 1**— Cont'<L £, Lateral projection. The mitral leaflets are partly visualized. The 
posterior leaflet (* ) is more or less parallel to the x-ray beam and is therefore responsible 
for the sharp inferior border of the defect m the anterior projection. The anterior leaflet (-*), 
however, is oblique to the x-ray beam and is not distinctly outlined in tlie anterior projection. 
The area between the leaflets has a poorly defined anterior border, caused by the rapid mixing 
o*. the contrast medium with blood from the left atrium. Xo doming. 
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In cases of a patent mitral orifice, the leaflets may he seen in the lateral 
projection during diastole (Figs. 1, B and 2, B). The valvular area is not 
sharply outlined anteriorly, owing to the rapid emptying of the left atrium and 
immediate dilution of the contrast medium in the left ventricle; thus, no dome 
is visible. 

2. Mitral Stenosis .—When the mitral valves are fused to form a dome 
during diastole, this dome will bulge into the left ventricle making a sharply 
outlined filling defect in the left ventricle. This formation is seen in both the 



Fig 2—A 27-year-old man with pure aortic stenosis Left ventricular pressure was 
1S4/20 mm Hg. Pressure gradient over the aortic valves was 27 mm Hg Pulmonary capil¬ 
lary pressure was 9 mm. Hg Pulmonary artery pressure was 20 mm Hg Left ventricular 
angiocardiograms in ventricular diastole. A, Frontal projection. In the mitral valvular area 
of the left lentricle a small, poorly defined, filling defect can be seen, caused by the inflow of 
blood from the left atrium. 

frontal and lateral projections (Figs. 3, A and B, and 4, A and B). In all 20 
patients operated upon, in which a dome had been found preoperatively in die 
left ventricular angiocardiogram, mitral stenosis was found at operation. The 
stenosis was severe in all but 1 ease in which it was veiy mild, admitting 1 Vl 
fingers. 

In cases of combined mitral stenosis and mitral insufficiency, it may he 
difficult to demonstrate doming if the insufficiency is severe, since contrast 
medium then becomes mixed with blood in the left atrium and no distinct 


A 



Fig. 2.—ConVd. Bj, Lateral projection. The open mitral orifice is seen ana. the mitral 
leaflets are partly visualized. Rapid mixing of the blood from the left atrium and the con¬ 
trast medium between the leaflets causes an anterior border that is not sharp. No doming'. 
Anterior (-*) and posterior (*) mitral leaflet 
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jF 1 ^* 4 ; ’A 4 2-> ear-old womaji with mitral re-stenosis At reoperation, the mitral oriflc® 
v.£ls found to admit the tip of the little fingrer Pulmonary artery pressure was 15 mm HP 
pulmonary capillary pressure (systolic) was 30 mm Hg—during work it was 57 mm Hg X^eft 
■ventrlcuiar angmcardmgrams in diastole A, Frontal projection Slit-like, sharply contoured 
defect in the mitral \al\ular aiea. In tins case the inferior border is caused by the anterior 
leaflet ana the superior border of the posterior leaflet 
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Pig. 4.—Cont’d. B, Lateral projection. Tlie anterior leaflet (-*) bulges forward, and 
its border is putled down, Tlie posterior leaflet (t) is thickened, and its upper border is pro¬ 
jected above tlie border ot the anterior leaflet. 
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^ lirf?■w'owan with mitral re-stenosis At reoperation, the mitral or, A®J 
■was found to admit the tip of the little finder Pulmonary artery pressure was 15 mm HP* 
pulmonary capillary pressure (systolic) was 30 mm Hg—during work it was 57 mm. Hg. 
ventricular angiocardiograms in diastole^ A, Frontal projection Slit-like, sharply contoured 
!!1 } h «,r\ a 1 G r a '♦ In taIs , cace the inferior border is caused by the anterior 
leaflet and the superior border of the posterior leaflet. 
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Fig. 4 A 42-year-old "Oman with initial i e-stenosls At reoperation the mitral orifice 
wiis found to admit the tip of the little finger Pulmonary artery pressure was 15 mm. HP. 
pulmonary' capillary pressure (systolic) was 30 mm. Hg—during work it was S7 mm Hff. I^ ft 
ventricular angiocardiograms m diastole JL, Frontal projection Sht-like sharply contoured 
defect m the m, tr al valvular a, on. In this case the inferior border is <£&edby ‘the interior 
leaflet and the superior border of the posterior leaflet. J 
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difference between atrial and ventricular contrast density can be made out 
In these cases the dome will only be outlined at the beginning or the end of 
the cycle. 

3. The False Dome —It is most important to see the doming of the mitial 
valves in both anterior and lateral views to establish the diagnosis of mitial 
stenosis In the lateral projection the atrial wall may simulate a dome caused 
by fused mitral valves, but in such eases no dome can be seen in the anteio 
posterior projection Furthermore, this false dome in the lateral projection will 
persist during systole (Fig 5, A-D). 






* 


-a** 
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Fig a—A. 31-' ear-old "Oman "ith pule mi ral msufflciencv Evploraton mrvi.ntmm 
reiealed a seiereh incompetent mitral orifice admitting 2 fingers Left 'entrmiilar angio¬ 
cardiograms a, Fr ontnl projection Diastole No 'entricular filling defect ular a b 


CONCLUSION' 

Ordinarily the inferior border of the filling defect seen m the anterior 
projection may be sharply outlined and caused by the mitral annulus itself 
the short posterior mitral leaflet lying tangential to the x-ray beams in diastole 
(Fig. 1). Usually the superior border is not distinctly outlined since in 
diastole, the anterior mitral leaflet is projected obliquely to the plane Further¬ 
more, the rapid emptying causes immediate dilution ot the contrast medium 
resulting in a poorly defined border between this and blood A diagnosis of 
mitral stenosis can only be accepted if, (1) the contrast defect is observed in 
both planes, and (2) the defect in the anterior plane is sharply outlined all 
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r> Cont’d B, Lateral projection 


Diastole Dome formation resembling true mitral doming 
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around. This is due to the slow emptying of blood from the left atrium and 
the forward bulging of the fused mitral valves. The doming will cause one 
part of the anterior leaflet to lie parallel to the x-ray beams and therefore to be 
visualized. Thus, the anterior mitral leaflet will act as a bulging sail behind 
which a pool of contrast-free blood projects into the left ventricle (Fig. 6). 

In most cases the filling defect has been rounded, but owing to the relation 
between an eccentric orifice and the projection used, the defect may appear 
more slit-like and the border of the anterior leaflet may sometimes even be 
viewed below that of the posterior leaflet (Fig. 4). 



Fig G—Diagram -nluch illustrates the Msualization of the mitral dome Left side —Lateral 
projection Right side —Frontal projection 

The absence of a dome in the anterior projection in cases of an enlarged 
left ventricle cannot exclude the presence of a mitral stenosis, as excessive con¬ 
trast medium in the left ventricle will mask the dome. 

SUMMARY 

During a scries of selective left ventricular angiograms, we have observed 
a clearly visible and sharply outlined filling detect in the left ventricle caused 
by the fused mitral valves forming a dome and projecting down into the left 
ventricle. When this dome is visible, sharply outlined in both lateral and 
anteroposterior projections, it constitutes evidence for the diagnosis of mitral 
stenosis. It must be distinguished from the left atrial wall, which will be seen 
projecting into the left ventricle only in the lateral projection. 

The roentgenologic diagnosis has been continued at opexation. 





TRICUSPID ATRESIA 


Treatment by Superior Vena Cava-Pulmonary Artery Anastomosis 

Gordon R. Gumming, M.D., F.R.C.P.(C), Colin C. Ferguson, M.D,. 

F.R.CS.(C), James N. Briggs, M.D.. M.R.C.P.. and Edward G. 

Brownell, M.D., F.R.C.P.(C), Winnipeg, Manitoba 

A fter much, animal experimentation. 1 * 4 Glenn reported the clinical application 
. of a superior vena cava to pulmonary artery anastomosis. This unique 
anastomosis has had a longer and more extensive trial in Russia 0 aud in some 
centers is favored over the Blalock or Potts types of anastomosis for cyanotic 
congenital heart disease. Tricuspid atresia is one anomaly not yet amenable to 
open-heart surgery and iu the following case such gratifying results were 
obtained by a superior vena cava to pulmonary artery anastomosis that it 
would seem that further attention should be drawn to this procedure. 


CASE REPORT 


T. H., a girl, was bom 3 weeks prematurely. Pregnancy, delivery, and neonatal course 
were uneventful. A cardiac murmur was noted at age 3 days. At the age of 0 weeks, the 
infant was doing well, no cyanosis was noted, but the murmur was still present. At 7 weeks 
of age. following a mild gastrointestinal upset, cyanosis developed suddenly, and the infant 
was in severe distress. On admission to the hospital, cyanosis was severe, pulse was 200, liver 
edge was 3 cm. below the costal margin, aud a Grade 3 systolie murmur was heard along the 
left sternal border. Severe cyanosis persisted despite oxygen therapy and digitalis, and 
two anoxic attacks were observed. 


X-ray studies of the chest showed moderate cardiac enlargement, a concave pulmonarv 
artery segment, decreased lung vascularity, and a pneumonie area in the right middle lobe. 
The electrocardiogram showed left axis deviation (minus 30 degrees) aud a clinical diagnosis 
of tricuspid atresia was made. An angiocardiogram, with a catheter high in the inferior 
vena cava, showed (.Pig. It the atresia of the tricuspid valve and a small patent foramen 
ovale. Additional films (Fig. 2i showed this to be a type lb of Keith aud associates^ with 
a small ventricular septal defect, a rudimentary right ventricle, and a small pulmonarv 
artery. The aortic arch was on the right side. 

Using the operative technique of Glenn. 4 the right pulmonary artery was anastomosed 
to the superior vena eava and the junction of the latter to the right atrium was occluded 
(.Fig. 3). The entire operative procedure lasted less than one hour. 


. From the Departments of Medicine and Sursterv of the Children's t1... - ... 

tniversity of Manitoba. Winnipeg. Manitoba. Canada. Childrens Hospital, and of the 
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Fig 1 


Fig 2 


Fig 1 —An angiocardiogi am posteroantenor \ icw, \\ Inch shows 
val\e area, and a jet of medium tra\ersing a patent foramen ovale 


atresia at the tricuspid 


Fig 2 —Later film, lateral view, 
pulmonary artery 


•nlnch shows the rudimentary ng-ht ventricle and small 



Fig 3 —Operative procedure A, Ligation of the proximal end of the right 
arterv B. Cnd-to-side anastomosis of the pulmonao arterj to the superior 
C, Ligation at the superior lena ca\a right atrial junction 


pulmonary 
vena cava. 
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An immediate postoperative improvement in the cyanosis was noted, although for ie 
first i postoperative days moderate puffiness and cyanosis of the face, neck, and arms was 
noted. The infant was discharged 12 days after operation. When seen at age 5 months, 
14 weeks after surgery, the infant continued to do well. The weight was 5.6 kilograms 
compared to a birthweight of 2.5 kilograms and a weight at 7 weeks of 3.3 kilograms. Heart 
size showed little change. Auscultatory findings were unchanged and there was no continuous 
murmur. There was no facial puffiness, although veuous pressure in the right arm was 1!) 
mm. Hg. The ear oximeter showed S5 per cent oxygen saturation, bearing out the just 
detectable clinical cyanosis. Injection of opaque medium into a right antecubital vein 
showed the anastomatic area and the filling of the right pulmonary artery from the superior 


vena. cava. 


DISCUSSION 

Early surgery is necessary in tricuspid atresia. Half of all eases fail to 
survive past 6 months of age. 0 The type reported rarely survives infancy.' 
Pulmonary artery thromboses may occur and preclude successful surgery at a 
later date. 5 Thus, any surgical procedure for tricuspid atresia must he suitable 
for the small infant. It would appear that a superior vena cava to pulmonary 
artery anastomosis is not only suitable for small infants, but is technically a 
more simple procedure and also lias theoretical physiologic advantages over the 
Blalock and Potts anastomoses in cases of tricuspid atresia. 

In a series reported by Neill, 9 only 30 per cent of patients, under one year 
of age, with tricuspid atresia survived a Blalock procedure. In many cases, 
while anoxia was corrected, left ventricular failure occurred. In the common 
type of tricuspid atresia the left ventricle is doing all the work of tlie heart, and 
standard aortic to pulmonary artery anastomoses further increase the load on 
the left ventricle. On the other hand an anastomosis of the superior vena cava 
to the pulmonary artery corrects anoxia without necessarily increasing the load 
on the left heart. Glenn and co-workers 3 showed that an anastomosis of the 
inferior vena cava to the pulmonary artery leads to ascites and chronic mor¬ 
bidity. In man further help may be obtained by full use of gravity to aid blood 
flow. The patient reported has been maintained in a 30 degree head-up position 
since surgery. The future course is unknown. Growth of anastomotic sites is a 
vexing problem but it applies to aiferial as well as to venous anastomoses. 
Collateral venous channels may develop between the superior and inferior caval 
systems so that progressively less percentage of the blood from the upper part 
of the body will reach the right lung. Thromboses may occur, perhaps more 
often than with arterial anastomoses. However, Bakulev and Kolesnikov 5 
claimed better long-term results with vena eava-pulmonary artery anastomoses 
thau with Blalock or Potts procedures. In view of the advent of total corrective 
surgery by cardiopulmonary bypass techniques, this type of anastomosis is 
probably best reserved for cases such as tricuspid atresia in which total anatomic 
correction is not yet possible. 

SUMMARY 

The anastomosis of the superior vena cava to the right puhnonarv artery 
has had extensive laboratory application and is physiologically a good operation 
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which may be used to bypass the right heart in cases of tricuspid atresia The 
operation increases pulmonary blood flow without increasing left ventricular 
work. Technically the operation is simple. A successful application of this 
procedure in a sick 7-week-old infant with tricuspid atresia is reported and 
discussed. 

ADDENDUM 

Since submitting this paper for publication, 3 additional patients with tncuspid atre-ia 
hare liad a superior vena car a to right pulmonary artery anastomosis. Two, aged 5 anil 10 
months of age, ha\e done well, but in the third patient, aged S days, it was not possible to 
perform a successful anastomosis and death oecuired S liouis after suigeiy. The patient 
reported continues to do well. 
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PRESSURE CONDITIONS IN THE PULMONARY CIRCULATION 
DURING CARDIAC BYPASS BY DOUBLE PUMPS 

H. Aletras. M.D.. Athens. Greece. J. Garibotti. Al.D.. Cordoba. Argentina. 

E. Kolb. M.D.. Zurich. Switzerland. M. Noirclerc. AID.. Marseille, France. 

]. Osorio. AID., Mexico City, Mexico. W. Tomaszewsky. M.D.. Warsaw, 

Poland. G. WiUiam-Olsson. M.D.. and A. Senning. M.D., 

Stockholm, Sweden 

searching for reliable methods of eardiae bypass for open cardiac surgery, 
several techniques for the oxygenation of blood have been tried. Isolated 
homologous and heterologous lxuigs were used (Mustard* - !> ) as well as autog¬ 
enous lungs (Wesolowsky and Welch.” Read and co-workers. 18 Blanco. 
Schaefer, and Bailey. 1 Drew. 5- 0 Shields and Lewis.” Mustard. Sapirstein. and 
Pav, 10 Helmsworth and associates 1 ). The use of the autogenous lungs for 
oxygenation has been technically rather complicated, especially in cardiac mal¬ 
formations such as septal defects. The interest for this method diminished 
when promising artificial oxygenators were developed. However, the artificial 
oxygenators have their limitations and. with long periods of extracorporeal 
circulation, the mortality is high. There seems experimentally to be a decrease 
in the diffusion capacity of the lungs (Pitzele and Senning 11 ) which is a serious 
problem especially in patients with low pulmonary reserve, for example, with 
ventricular septal defect combined with pulmonary hypertension. The cause 
of this decrease in pulmonary diffusion capacity is not known but may be due 
to the fact that the lung is the only organ that is not perfused dui - ing the 
period of bypass. The trend has been therefore to find a suitable technique 
of using the autogenous lung in cardiac bypass. 

A right-sided bypass can be suspected of having an xxnfavoi - able effect on 
the pulmonary vascular system as pulmonary edema often appears after bypass 
(Blanco and associates 3 ). These experimental series have been made to study 
changes in pressures in the pulmonary circulation during cardiac bypass by an 
automatic double pump, using gravity drainage and the autogenous lung fox- 
blood oxygenation. 

TECHNIQUE 

Adult mongrel dogs, weighing 13 to 29 kilograms, were anesthetized with 
intrave nous Pen tot hat intubated, and ventilated with an Engstrora respirator. 

Sv.-crtS"™ U,<: SurEical Re -' earcb Moratory. Thoracic Clinic, Karolinska Hospital, Stockholm, 
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Tlie femoral arterial pressure was recorded. Thoracotomy was made through 
the fourth intercostal space. 

Bypass was performed with a modification of the pump used in the Cra- 
foord-Senning heart-lung machine" (Crafoord, Norberg, and Senning 3 ) (Pig. 1). 
Eleven experiments were performed at normal body temperature. In nine ex¬ 
periments, the body temperature was lowered to about 20° C. with a disposable 



Fig. X.—Double pump for cardiac bypass. 1, Systemic arterial line, s, Pulmonarv arterial 
a. Systemic venous line. 4, Pulmonary venous line. s. Heat r-%- - n -S-. r > arterial 


line 3j Sy - - - - - . 

"Left heart” regulation vessel 


venous line. 5, Heat exchanger 
S, "Right heart” regulation vessel. 


G, Flow meter. 


heat exchanger in the “venous” side of the left heart pump. This heat ex¬ 
changer consists of a thin-walled (15 by 30 cm.) plastic bag placed between two 
metal plates cooled by tap water. The distance between the metal plates can 
be adjusted from 1 to 4 mm. to regulate the resistance. Heparinized blood 
(25 mg. per 400 c.c. blood) was used to fill the system and the dog received 


*Jfanufactured by AGA, Lidingb, Sweden. 
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4 mg. per kilogram of body weight of heparin. Bypass was, in these experi¬ 
ments, started simultaneously in both circuits. Bypass of the right heart was 
made, draining the auricle by gravity to the reservoir of the pump through 
an intercalated flowmeter of rotameter type. The blood was pumped to the 
pulmonary artery by a cannula introduced through the outflow tract of the 
right ventricle. During bypass the pulmonary artery was strangulated round 
the inserted cannula. In four experiments, one pulmonary artery was occluded 
and perfusion done only to the other lung. 

The left heart was bypassed in a similar way. Blood was drawn from 
the left atrium through a cannula via the heat exchanger into the reservoir of 
the arterial pump and pumped back to the systemic circulation through the 
subclavian artery. The pumps automatically pumped back all blood received 
from the atria. The flow was thus mainly dependent on the total circulating 
blood volume in the machine and the body. It was kept at a level where the 



blood pressure during bypass was about the same as before the perfusion, ex¬ 
cept in the nine experiments in which hypothermia was used. In six of these 
experiments, the flow was diminished during cooling from 50 to 30 ml. per 
kilogram of body weight per minute. Undesired variations in flow were cor¬ 
rected by adjustment of the blood volume. 

Pressures in the pulmonary artery, left atrium and femoral artery were 
recorded with the reference point 8 cm. above the operating table by cannulae 
inserted in the pulmonary artery, the left atrium, and the femoral arterv 
(Fig. 2). 

The bypass lasted 60 minutes in eleven experiments at normothermia, and 
80 minutes in eight hypothermia experiments, and 120 minutes in one. Cooling 
and rewarming periods were 20 to 35 minutes. After finishing bypass, pro°- 
tamine chloride was given until coagulation time was about 5 minutes- the 
b ood volume was adjusted to the calculated pre-perfusion value. 
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RESULTS 

Nonnothermia .—There were eleven bypass experiments under normo- 
tliermia. In Fig. 3 the curves represent the average arterial, pulmonary 
artery, and left atrial pressures as well as the flow during bypass. 

At an average flow rate of 50 ml. per kilogram of body weight per minute, 
the arterial pressure was maintained at the same level as before bypass. Aftei 
perfusion was finished, a fall in arterial pressure was constant. It returned 
to normal when the blood volume was corrected; usually a blood transfusion of 
100 to 200 ml. was given. 



Fig- <J—Aieiag-e mean \ allies of pressure in sjstenuc artery, pulmonary artery and left 
attmm duiing bypass with double pump in eleien experiments m which blond L Pn t 

constant and body temperature noimal a no " 1 

The pre-perfusion pressure in the pulmonary artery was about 13 mm. Hg. 
It remained stable with insignificant fluctuations throughout the experiments 
in all but 1 dog. This dog bad a pulmonary artery pressure of 25 mm. Hg 
prior to the bypass, which rose to a maximum of 32 mm. Hg during bypass and 
fell to 27 mm. Hg at the end of it. In this dog, the flow was SO ml per kilogram 
of body weight per minute. In the case in which one pulmonary artery^was 
clamped, the pressure in the main pulmonary artery did not increase signif- 
icantlv. 

The pressures found in the left atrium averaged 1.5 to 2 mm Hg before 
bypass and dropped to —0.5 mm. Hg when perfusion started and to -1 nim IIfi¬ 
at, the end of it. After perfusion was finished it immediately became norm ah 
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There were no signs of pulmonary edema in any of the pci fused normo- 
thermie dogs. 

Hypothermia .—In nine experiments, extracorporeal circulation was com¬ 
bined with cooling. Fig. 4 shows the recordings of one typical experiment in 
which the flow was allowed to fall. In the experiment shown in Fig. 5, the 
How was kept constant. Cooling was performed during the first 20 to 25 
minutes of perfusion and rewarming during the last 25 to 30 minutes. "With 
falling temperature, the pressures fell in the systemic arteries, the pulmonary 
artery, and the left auricle. In three experiments, however, there was a short 
rise in arterial and pulmonary artery pressure during the first minutes after 
the start of perfusion with cold blood, as is shown in Fig. 5. 



'ART. PRESSURE 
■=PULM. ART. PRESS. 


INI FLOW 


Fjy 4.—Mean values of pressure in systemic artery, pulmonary artery and left atrium 
raolinc °'\ temperature (luring- bypass with double pump combined with internal 

coolmg. A typical experiment in winch the blood flow was allowed to fall 


During rewarming, the pressures rose and afterward showed the same 
pattern as in the experiments without hypothermia. 

There were no signs of pulmonary edema in any of the perfused hypo¬ 
thermic dogs. 


DISCUSSION! 

It seems possible that the high mortality after long periods of extra¬ 
corporeal circulation is caused, in some cases, partly by a decreased pulmonary 
diffusion capacity due to the fact that the lung is not perfused durin- bypass or 
partly because the capillaries are occluded by blood particles, or partly because of 
a general effect of blood trauma. These injurious factors can be‘ avoided or 
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diminished by excluding the artificial oxygenator through using the autogenous 
lung as an oxygenator. The lungs are then perfused and the blood trauma 
from artificial oxygenation is avoided. In combination until cooling, the per¬ 
fusion volume can be decreased and, as the circulation is supported by pumps, 


i-EC-1 



LEFT ATR PRESSURE ||||p^ FLQW 


Fir- 5 .—Mean values of pressure in systemic artery, pulmonary artery, and left atrium 
as well as blood flow, rectal and venous temperatures during, bypass with double pin 5 
bfned with internal cooling. A typical experiment in which the blood flow was keptTonslant. 


deep hypothermia can be applied. The flow can then be extremely small and 
periodically arrested, and thus the blood trauma also is diminished in the pumps. 
This technique seems to be of special importance in coronary surgery when long 
extracorporeal circulation periods arc necessarj. 
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This experimental series has been performed in order to see if pulmonary 
vascular changes occur dining cardiac bypass performed by double pumps, 
with or -without internal cooling. 

In the series of eleven experiments at normothermia, there were no changes 
in the pulmonary artery pressure, ii the starting pressure was noimal and the 
flow was kept- at a level where the blood pressure in the systemic arteries was the 
same as before bypass. As the collecting vessels of the pump were placed at 
a low level, the pressure in the left atrium fell below zero in the central part 
of the atrium. This minimized filling of the left ventricle from the atrium. 
After finished perfusion, the left atrial pressure immediately reverted to the 
pre-perfusion value. The pressure showed an insignificant rise during bypass 
at a flow of 80 ml. per kilogram of body weight in only 1 dog with slight pul¬ 
monary hypertension before bypass. This returned to normal, as in the other 
experiments, after perfusion was ended. Xo changes in the pulmonary vascu¬ 
lar resistance during bypass were found in this series of eleven experiments. 

In the other series of nine experiments, in which bypass with double pumps 
was combined with internal cooling to a body temperature of 20° C., the flow 
was kept constant in three experiments, and diminished during the period of 
cooling in six experiments. In all experiments, there was a decrease in the 
pulmonary artery pressure. 

The pressure in the left atrium was recorded in the region of the mitral 
valves where the caunulae hinder the atrium from collapsing, thus making a 
negative pressure possible. This pressure is not. on the other hand, repre¬ 
sentative for the pulmonary veins. They collapse when the pressure is zero and 
the thorax is open. The increased pressure gradient between the pulmonary 
artery and the left atrium thus is an artefact only: there is no real increase in 
pulmonary vascular resistance. YThen the temperature of the experimental ani¬ 
mal is normalized and the perfusion is ended, the pulmonary artery and left 
atrial pressures have reached their original pre-perfusion levels. 

Tins experimental series has been part of our training program. Therefore 
the mortality has been high because of technical errors. YTlien the most ex¬ 
perienced among us performed the perfusion. 6 animals out of S survived after 
1 hour of perfusion: and two out of three survived in experiments when there 
was SO minutes of perfusion with the animals under hypothermia. The cause 
of death was postoperative bleeding and infection. 

Experimentally there were no signs of pulmonary circulatory damage 
when this technique of cardiac bypass was applied. The method seems to have 
its application in clinical cardiac surgery. 
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SYSTEMIC HYPERTENSION COMPLICATING THE 
LIGATION OF PATENT DUCTUS ARTERIOSUS 

Frederick H. Taylor, M.D., Francis Robicsek, M.D., Paul W. Sanger, M.D., 
Robert E. Stan/, M.D., and Terry T. Rees, M.D., Charlotte, N. C. 


T he development of sclerotic changes in the pulmonary vessels and consequent 
pulmonary hypertension are common complications of patent ductus ai- 
teriosus. If these sclerotic changes are far advanced, the blood pressure in the 
pulmonary artery may approximate the pressure of the aorta and the original 
left-to-right shunt becomes “bi-directional” or even reversed. In cases of 
severe pulmonary hypertension, the ductus serves as a vent which decompresses 
the overloaded lesser circulation. 1 ’ -• ’’ s ’ s ’°’ 1C> 17 The dangers of ligation of the 
ductus in such conditions were recognized early. 8 ' 11 ’ 15 The closure of this 
“emergency outlet” may lead to an immediate increase of the blood pressure 
in the pulmonary artery and cause an acute insufficiency of the right ventricle, 
which is usually fatal. 

The pressure relations in the systemic circulation are less affected by the 
pressure of the ductus. 18 Because of the decrease of the total systemic circula¬ 
tory resistance, the diastolic pressure is usually low; the systolic pressure re¬ 
mains normal. 14-15 Following ligation of the ductus, the diastolic pressure 
returns to normal. Holman has described an increase also in the systemic 
systolic arterial pressure following operative closure of patent, ductus arteriosus. 
He attributed this temporary rise in pressure to increased blood volume. The 
pressures in these cases returned to normal when the blood volume became 
normal. 7 ' 9 

One of our patients, on whom a surgical closure of a patent, ductus arteriosus 
was performed, experienced a very unusual complication, i.e., the development 
of an acute, severe, permanent systemic hypertension. 


CASE REPORT 

A 38-year-otd white woman was admitted on May IS, 1957, to the Department of 
Thoracic Surgery, Mercy Hospital. She was hnown to have had heart disease since infanev. 
Her symptoms were those of exertional dyspnea, some pain in the mid-sternal area, palpitation, 
and nonproductive cough. These symptoms became more pronounced during the 4 months 
previous to admission. 


Ues, A - Hartford p °“ i011 W the United Medical 
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Physical examination of the cardiovascular system showed moderate enlargement of 
the heart. Tiie pulmonary- second sound was somewhat accentuated and split. There was a 
systolic-diastolic thrill and a continuous systolic-diastolic machinery murmur in the left second 
and third interspaces parastemaUy. The pulse rate was 86 per minute; blood pressure in 
the left arm 15S/65 mm. Hg. Peripheral pulses were easily palpable and there were no 
symptoms of congestive heart failure. 

Routine laboratory findings were essentially negative. Chest x-ray examination showed 
increased pulmonary vascular markings. The heart was moderately enlarged, due primarily 
to left ventricular enlargement. There was also a dilatation of the ascending aorta and 
aortic arch. The pulmonary- conus was prominent and pulsated expansively. Electro¬ 
cardiogram showed depressed S-T segments in Leads I-III, negative T waves in Leads II-EEI, 
diphasic T waves in V 5 -V 6 . There were frequent ventricular extrasystoles. 

Cardiac catheterization revealed evidence of a patent ductus arteriosus witli significant 
ieft-to-right shunt (Pig. 1). The results were also suggestive of a moderate incompetence of 
the pulmonary valve. 



Fig-. 1.—Schematic presentation of the preoperative hemodynamic conditions. The white 
circles show the blood pressure in mm. of mercury, the black circles the oxygen saturation of 
the blood. 

At operation, a large patent ductus arteriosus (approximately 1 cm. in diameter) was 
found. This was occluded by two simple ligatures and multiple transfixion sutures. Im¬ 
mediately following the closure of the ductus, the anesthetist reported a 35 mm. Hg in¬ 
crease in the systolic and 40 mm. Hg increase in the diastolic blood pressure; otherwise 
the patient tolerated the procedure well. There were no changes in the force or rhythm of 
the heart action. 

Two hours after operation the patient’s blood pressure rose to 190/110 mm. Hg. 
The pulse rate increased to 140 per minute. Apresoline (25 mg.) and Thorazine (50 mg-) 
were administered, after which the blood pressure decreased to 1 GO/90 mm. Hg, but within 
4 hours it was elevated again to 210/120. The patient also had a protodiastolic gallop 
rhythm and complained of general discomfort. She had several attacks of paroxysmal 
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dyspnea. After 24 hours of continuous Apresoline and Thorazine therapy, she showed 
some improvement. The blood pressure remained relatively stabile between 170 to 160 systolic 
values, and dyspnea and orthopnea became less pronounced. The Apresoline and Thorazine 
were discontinued, but restarted after the blood pressure rose to 220/135 mm. Hg, and the 
patient developed a moderate attack of pulmonary edema. She remained on Apresoline, 
Thorazine, Hydryllin tablets, low sodium diet, and digitalis for 2 weeks. She was then 
discharged with a blood pressure of 175/100 mm. Hg and in relatively good condition. 

Afterward the patient was closely followed. She reported several attacks of tachy¬ 
cardia, precordial pain, and paroxysmal dyspnea. The blood pressure varied between 145/90 
and 190/110 mm. Hg. Peroral digitosin annd Apresoline were continued. She is now able 
to perform limited physical activity. 


CONCLUSIONS 

The appearance of a severe systemic hypertension in the immediate post¬ 
operative period is an unusual complication following ligation of a patent ductus 
arteriosus. A reasonable explanation of this phenomenon is that outside of the 
possible increase in the blood volume 7 ' 9 the patient had a nan-owing of the 
systemic arterioles before surgery. However, the increase in the circulatory 
resistance did not manifest itself in hypertension because the systemic circulation 
was connected through the patent ductus with a low-pressure, large capacity 
vascular pool, i.e., the pulmonary circulatory system. Similar conditions have 
been created by the production of pei-ipheral arteriovenous fistulae in clinical 
and experimental hypertension. 3 ' 6 ’ l2 ’ 13 'When this patient’s ductus arteriosus 
was occluded, the “latent” hypertension became manifest. This hypothesis is 
supported by the fact that the patient had a moderate elevation of the systemic 
blood pressure even in the presence of tire patent ductus arteriosus. The pre- 
operatively determined “corrected” systemic circulatory resistance was found 
to he elevated and gives additional support to the hypothesis. 

The situation is very similar to that which exists in the presence of a patent 
duct with right-to-left shunt, the difference being that it is not the overloading 
of the pulmonary system hut the systemic circulation which, in this instance, 
threatens the patient’s life. From this case the conclusion may be drawn tliat 
in the presence of an elevation of the systemic arterial blood pressure, the 
ligation of a patent ductus should be performed with caution, as the occlusion 
of the “emergency vent” may lead to an increase of the blood pressure and a 
sudden overloading of the systemic circulation. 


SUMMARY 

The authors present a case of a 3S-year-old woman with a patent ductus 
arteriosus accompanied by elevation of the systemic circulatory resistance and 
moderate increase in the systemic arterial blood pressure. The ligation of the 
ductus was complicated by an acute, severe systemic arterial hypertension. 

An analogy is made between this condition and the situation that exists 
when a patent ductus arteriosus is occluded in the presence of pulmonary 
hypertension. The patent ductus arteriosus may seme in both instances as an 
emergency vent, and its occlusion may lead to serious consequences in either case 
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A METHOD FOR CONTROLLING A PATENT DUCTUS 
ARTERIOSUS DURING OPEN-HEART SURGERY 

Philip Glotzer. Al.D., mid Allan E. Bloomberg. ALD.. 

New York City. N. Y. 

T he recognition and control of a patent ductus arteriosus during cardiac by¬ 
pass with cardioplegia is essential for a successful run on tlie pump-oxy¬ 
genator. 1 Failure to obtain control of tlie ductus results in massive and rapid 
distention of the right heart, severe pulmonary congestion, and death. 

On occasion a patent ductus may be unrecognized because of misinterpreta¬ 
tion of operative physical findings or be virtually impossible to control safely 
because of dense pericardial and pleural adhesions. W e recently faced this 
situation, and herein is presented a method which allowed successful control 
of the ductus. 

The patient was an 11^4-year-old girl who was admitted to the hospital 
for the open-heart repair of a tetralogy of Fallot lesion. Seven years previously, 
this child had undergone a transventricular pulmonary valvulotomy at this 
hospital. At that time, a ductus had been looked for and not found. At this 
operation very dense pleural and pericardial adhesions were present. A thrill 
over the pulmonary artery was thought to be due to persistent pulmonic stenosis 
and pulmonic insufficiency. 

The moment cardiac arrest was produced, a rapid dilatation of the right 
ventricle occurred. This was relieved by immediate right ventriculotomy. The 
resulting continuing blood loss was alarming because of the rapid fall in the 
reservoir level of the oxygenator. Control of the blood loss was then immediately 
obtained by occluding the pulmonic opening of the ductus with a finger passed 
into the pulmonary artery (Fig. 1). The blood level in the reservoir instantly 
stabilized. With the finger in place, the ventriculotomy was continued out into 
the pulmonary artery to the level of the ductus. A purse-string suture was 
placed around the ductus orifice, which resulted in complete control of the 
bleeding (Fig. 2). The operation then proceeded with a direct approach to 
the congenital intracardiac defects. 

From the Surgical Division. The XIontefiore Hospital, New Tork City 
Received for publication Oct. 1, 1959. 


47 



46 


TAYLOR ET AL. 


J. Thoracic and 
Cardiovas. Sure. 


REFERENCES 

1. Campbell, M. J., and Hudson, R. D.: Patent Ductus Arteriosus With Reversed Shunt Due 

to Pulmonary Hypertension, Guy’s IIosp. Rep. London 100: 26, 1951. 

2. Campbell, M. J. and Hudson, R. D.: Disappearance of Continuous Murmur in Patent 

Ductus Arteriosus, Guy’s Hosp. Rep. London 101: 32, 1952. 

3. Deterling, R. A., and Essex, H. E.: Experimental Renal Hypertension and Its Course 

Following Production of a Peripheral Arteriovenous Fistula, Arm. Surg. 132: 
129, 1950. 

4. DuSliane, J. W., and Montgomery, G. E., Jr.: Patent Arteriosus With Pulmonary 

Hypertension and Atypical Clinical Findings, Proc. Staff Meet. Mayo Clin. 23: 
505, 1948. 

5. Fishman, L., and Silvcrthome, M. C.: Persistent Patent Ductus Arteriosus in Aged 

Including Report of Oldest Case on Record With Diagnosis Confirmed Post Mortem, 
Am. Heart J. 41: 762, 1951. 

6. Hawthorne, E. W., Brownlee, G. V., and Pogue, IV. G.: Arterial Pressure Changes in 

Experimental Renal Hypertensive Dogs Following Production of Femoral Arterio¬ 
venous Fistula, Am. J. Physiol. 180: 65, 1955. 

7. Holman, E.: The Anatomic and Physiologic Effects of an Arteriovenous Fistula, 

Surgery 8: 362, 1940. 

8. Holman, E.: The Surgery of Congenital Malformations of the Heart and Great 

Vessels, Standford M. Bull. 6: 227, 1948. 

9. Holman, E., Gerbode, F., and Purdy, A.: The Patent Ductus. A Review of Seventy- 

Five Cases With Surgical Treatment, Including an Aneurysm of the Ductus and 
One of the Pulmonary Artery, J. Thoracic Surg. 25: 111, 1953. 

10. Hultgren, II., Lebrer, A., Purdy, A., Holman, E., and Gerbode, F.: Syndrome of Patent 

Ductus Arteriosus With Pulmonary Hypertension, Circulation 8: 15, 1953. 

11. Johnson, R. E., Wcrmer, P., Kusehner, M., and Command, A.: Intermittent Reversal 

of Flow of Patent Ductus Arteriosus. Physiologic Study Witli Autopsy Findings, 
Circulation 1: 1293, 1950. 

12. Lian, C., and Welti, H.: Cited by Hawthorne, Brownlee and Pogue. 0 

13. Petri, G.: Personal communication. 

14. Sanger, P. W., Taylor, F. II., and Robicsek, F.: The Diagnosis and Treatment of 

Coronary Arteriovenous Fistula, Surgery 48: 344, 1959. 

15. Sanger, P. W., Robicsek, F., Taylor, F. H., Magistro, R., and Foti, E.: Observations on 

Pulmonary Vasomotor Reflexes, J. Thoracic Surg. 37: 773, 1959. 

16. Shapiro, M. J.: Preoperativc Diagnosis of Patent Ductus Arteriosus, J. A. M. A. 126: 

934, 1944. 

17. Smith, G.: Patent Ductus Arteriosus With Pulmonarv Hypertension and Reversed 

Shunt, Brit. Heart J. 16: 233, 1954. 

18. Taylor, B. E., Pollack, A., Burcliell, II., Clagott, T., and Wood, W.: Studies of Pulmonary 

and Systemic Arterial Pressure in Cases of Patent Ductus Arteriosus With Special 
Reference to Effects of Surgical Closure, J. Clin. Invest. 29: 7 -l 5 ; 1950. 

19. Temesvari, A., and Robicsek, F.: Beitragc zur Nevosen Regulation der Kleinen Kreislaus. 

Wirkung des Pendiomids beim Expcrimentcllen aorto-pulmonalcn Shunt. Thorax- 
chirurgie 4: 489, 1957. 



A METHOD FOR CONTROLLING A PATENT DUCTUS 
ARTERIOSUS DURING OPEN-HEART SURGERY 

Philip Glotzer, M.D., and Allan E. Bloomberg, M.D., 

New York City, N. Y. 

T he recognition and control of a patent ductus arteriosus during cardiac by¬ 
pass with cardioplegia is essential for a successful run on. tlie pump-oxy¬ 
genator. 1 Failure to obtain control of the ductus results in massive and rapid 
distention of tlie right heart, severe pulmonary congestion, and death. 

On occasion a patent ductus may be unrecognized because of misinterpreta¬ 
tion of operative physical findings or be virtually impossible to control safely 
because of dense pericardial and pleural adhesions. \Y e recently faced this 
situation, and herein is presented a method which allowed successful control 
of the ductus. 

The patient was an liy 2 -year-old girl who was admitted to the hospital 
for the open-heart repair of a tetralogy of Fallot lesion. Seven years previously, 
this child had undergone a transventricular pulmonary valvulotomy at this 
hospital. At that time, a ductus had been looked for and not found. At this 
operation very dense pleural and pericardial adhesions were present. A thrill 
over the pulmonary artery was thought to be due to persistent pulmonic stenosis 
and pulmonic insufficiency. 

The moment cardiac arrest was produced, a rapid dilatation of the right 
ventricle occurred. This was relieved by immediate right ventriculotomy. The 
resulting continuing blood loss was alarming because of the rapid fall in the 
reservoir level of the oxygenator. Control of the blood loss was then immediately 
obtained by occluding the pulmonic opening of the ductus with a finger passed 
into the pulmonary artery (Fig. 1). The blood level in the reservoir instantly 
stabilized. 'With the finger in place, the ventriculotomy was continued out into 
the pulmonary artery to the level of the ductus. A purse-string suture was 
placed around the ductus orifice, which resulted in complete control of the 
bleeding (Fig. 2). The operation then proceeded with a direct approach to 
the congenital intracardiac defects. 

From the Surgical Division, The Monteflore Hospital. New York Citv 
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CONGENITAL DEFICIENCY OE THE PERICARDIUM 

Alexander C. Rering, Commander (MC) USN* John S. Wilson. Lieutenant 
(MC) USN** and Robert E. Ball. Jr.. Lieutenant (MC) USN,*** 

Chelsea. Alass. 

A lthocgh the 2 eases to be reported here apparently represent the one hun¬ 
dredth and one hundred first oi a colorful series that began in 1559. 1 it 
is anticipated that with an increasing number of thoracotomies and constant 
improvement in radiologic techniques; the condition may soon forfeit its ap¬ 
pellation of "a rarity.’* 

Ellis. Leeds, and Himmelstein 1 have recently described 2 patients who had 
complete absence of the left parietal pericardium. The reader is referred with 
enthusiasm to their excellent article which includes interesting diagnostic tech¬ 
niques and a classification of pericardial defects. 

As has been noted many times in the literature, pericardial defects are 
seldom diagnosed or encountered prior to autopsy. e would like to report 2 
cases of partial absence of the left parietal pericardium in which the diagnosis 
was suggested before operation and confirmed by thoracotomy. It is our feeling 
that these cases demonstrate certain characteristic features which may be of 
value in the diagnosis and treatment of patients with pericardial defects. 


CASE REPORTS 


Case 1.—A. H. W., 244120, a 22-year-old Negro man. was admitted to the TT. S. Xaval 
Hospital, Chelsea, Mass., on Feb. 14, 195S_. for evaluation of a pulsatile mass along the upper 
third of the left cardiac border. Three years prior to admission a routine 70 mm. pkoto- 
fiuorogram revealed an abnormal cardiac configuration in the then asymptomatic patient. 
Cardiac fluorography and radiography on June 27. 1955, revealed the heart to be globular 
in appearance with a definite increase in the size of the upper third of the left cardiac 
border which appeared to be pulsatile and was assumed to represent the pulmonary artery. 
Xo ventricular enlargement was noted, nor did the left atrium appear selectively enlarged. 
The aorta was reported as small and the pulmonary vasculature normal. Xo abnormal 
physical findings were recorded and the electrocardiogram was interpreted as being within 
normal limits. Following this examination the patient was returned to full duty aboard ship. 

The occasion of his admission to this hospital was recurrent left anterior chest pain 
v.hich w as described as sharp and pressure-like, occurring both at rest and with exercise. 


From the V. S. Naval Hospital. Chelsea, Mass. 
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nonradiating, and of about 2 minutes’ duration. This complex occurred several times a 
month and had been noted for approximately 2 years. The pain was unrelated to food intake, 
activity, or position. Other and possibly related symptoms included mild dyspnea on climbing 
two flights of stairs and mild syncope during extreme heat, both symptoms relieved by rest. 
The balance of the history was noncontributory. 

Physical examination revealed a well-developed, well-nourished Negro man in no distress. 
Blood pressure was 126/72 mm. Hg, pulse SI, respirations 14, and temperature 9S.6° F. 
Peripheral pulses were readily palpable and equal bilaterally, and there was no cyanosis, 
clubbing, or edema. A mild, left sternal border heave was palpable along with a tapping 
apical impulse, the point of maximum intensity being indistinct. Cardiomegaly was not 
present. The rate was 84 with a variable sinus arrhythmia and occasional premature con¬ 
tractions. A Grade 2 (of 6) blowing systolic murmur was audible along the left sternal 
border, maximal at the' third intercostal space. A precordial friction-type sound could be 
heard on occasion with the patient standing and flexed 45 degrees at the waist. The re¬ 
mainder of the physical examination was entirely normal. 

Laboratory studies, including blood chemistry, hemogram, urinalysis, serologic test for 
syphilis, C-reactive protein, anti-streptolysin-0 titer, skin tests for tuberculosis and mycotic 
disease, and sickle cell preparations, were within normal limits. Electrocardiograms revealed 
frequent ventricular ectopic beats, some of which were not premature and suggestive of a 
sinus pause and ventricular escape beat, but were regarded as within normal limits. 

Cardiac fluoroscopy again revealed a prominent, bulge along the left upper heart shadow 
which had not apparently changed since the initial examination recorded in 1955. Expansile 
pulsation of the abnormal bulge was noted, but no cardiac chamber enlargement could be 
demonstrated in the examination made after a barium swallow. 

On March 3, 195S, right heart catheterization was performed, and this revealed normal 
right cardiac hemodynamics without evidence of shunt. All accompanying determinations 
done during this study were within normal limits. On March 26, 1958, angiocardiograms 
were made in the posteroanterior and oblique projections with the use of 70 per cent Diodrast 
injected in the basilic vein through a Bobb-Steinberg needle. The pulmonary artery and 
aorta could be definitely excluded as contributing to the abnormal shadow, but suspicion was 
cast upon the left pulmonary veins or an abnormally placed left atrial appendage. 

The patient was then observed in several of his "attacks” during which he became 
faint, perspiring, arid complained bitterly of pain in the left anterior chest. At the Cardio¬ 
vascular-thoracic Conference, thoracotomy was advised. 


On June 13, 195S, a left thoracotomy was performed through the left fifth interspace. 
The left upper lobe was found to be adherent to the left atrial appendage by firm adhesions, 
apparently of long standing, with some Teeent inflammation. The left atrium and its ap¬ 
pendage lay well outside the normal confines of the cardiac mass. The appendage was 
elongated and sigmoid in shape. The pericardium was absent from the atrioventricular 
groove ceplialad, and the cephalic margin was rolled and thickened. With each cardiac con¬ 
traction the rolled margin massaged the left coronary and circumflex vessels. The peri¬ 
cardium, which was present, resembled an egg-cup, and the heart, the egg (see Fig. 3). There 
was no free left pericardial cavity, the remaining pericardium being adherent by fine but 
firm adhesions to the epicardium. Adhesions were divided and ligated where necessary. 
The left heart was explored digitally through an incision in the left/atrial appendage No 
abnormalities were detected by this maneuver. The appendage was amputated and the 
margms closed with interrupted and continuous silk sutures. Because of the anatomic posi¬ 
tion of the rolled pericardial edge and the adherent pericardium, a generous Y-shaped ex¬ 
cision of the pericardium over the right and left ventricles was performed. The patient 
recovered from the operative procedure without complication or difficulty. He stated durimr 
lus postoperative course that the chest pains were no longer present. ' One wear following 
operation lie is well and working. * ^ 


tt ~ C 4 SE f„ S ' A \ C '’ 253921 ’ a 2 l-J-ear-old sergeant in the TJSMC was admitted to the 
aTal U ° SI ' lta ’’ Ch0lsea > - Mass '> 011 1. 1959, with an undetermined diagnosis of 
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dilatation of the pulmonary artery. This diagnosis was entertained following a routine chest 
x-ray examination which was reported as showing an abnormal pulmonary conus. He Mas 
entirely without symptoms, and physical examination was within normal limits. He was 
referred to the hospital for further studies referable to the abnormal shadow. This shadow 
consisted of a rather angular projection just lateral and inferior to the pulmonary artery, 
in the position of the left atrial appendage. In view of the previous case, a tentative diag¬ 
nosis was made of herniated left atrial appendage due to partial absence of tlie pericardium. 

Routine laboratory studies and further films of the chest exposed during barium swallow 
were not unusual. Angiocardiography with 70 per cent Sodium Urokon demonstrated that 
the pulmonary artery was innocent, but that the left atrial appendage became opacified at 
the proper interval and occupied the same position as tlie abnormal shadow noted on the 
plain films. At the Cardiovascular-thoracic Conference it was the consensus that although 
deficient pericardium was the most likely possibility, thoracotomy should be resorted to in 
order to rule out other lesions in this area. 

On June 25, 1959, an exploratory thoracotomy was performed through the left fifth 
interspace, sparing the trapezius and rhomboid muscles. The ribs were spread just suf¬ 
ficiently to permit adequate visualization and palpation of the liilum and adjacent cardiac 
structures. As anticipated (see Fig. 4), the left atrial appendage resided partly outside the 
main cardiac mass, herniating through an upper pericardial window, and performing a con¬ 
siderable excursion with each cardiac systole. The left phrenic nerve comprised the medial 
margin of the pericardial defect. There were no adhesions, and the finger passed readily 
into the free pericardial cavity. Since the aperture seemed large enough to permit free 
action of the left atrial appendage and atrium, and too small to permit herniation or 
strangulation of the atrium or ventricle, no attempts were made to correct the condition, and 
the chest was closed. Postoperatively there were no complications, and the patient was 
discharged to duty July 28, 1959. Four months postoperatively lie was having no difficulty. 


EMBRYOLOGY 

Studies by previous authors of the embryological antecedents of pericardial 
malformations have for the most part tended to incriminate the formation of 
the pleuropericardial and pleuroperitoneal folds. We agree with this concept 
and cite the case of Ladd 2 in its support. Ladd found a hernia of the Boch- 
dalek type occurring in a patient who had deficiency of the pericardium. These 
lesions certainly involve the pleuroperitoneal and pleuropericardial folds. The 
theory has been entertained in addition that the growing lung pushes its way 
into the area deficient of pericardium, and so prevents the complete development 
of the pericardium. Our first case with lung firmly adherent to the heart may 
or may not bear out this latter concept. 


CLINICAL AND DIAGNOSTIC FEATURES 

It will be noted that Case 1 (Pig. 3), who had the larger defect and ex¬ 
tensive inflammatory adhesions, had recurrent chest pain, and, at times a 
pleuropericardial sound could he heard. The second patient, who had a smaller 
detect and no adhesions, was asymptomatic (Fig. 4). Right heart catheteriza¬ 
tion, having been normal m the first case, was not thought to be necessary- in 
the second. Although we did not make use of diagnostic pneumothorax in either 
patient, we believe that it may be a valuable aid. In one postoperative film 
f the chest m the second patient, a small amount of right pericardial air mn 
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CONCLUSIONS 

1. It, is our opinion, after a survey of the literature and the study of 2 
patients who had similar diagnostic and surgical features, that congenital 
deficiency of the pericardium may be diagnosed with the aid of angiocardiogra¬ 
phy and pneumothorax. 

2. Characteristic features in partial absence of the left pericardium are 
primarily radiologic, namely, an abnormal bulge in the region of the left atrial 
appendage in the standard postei'oanterior roentgenogram, and the outlining of 
the appendage with contrast medium during the left heart filling phase of an 
angiocardiogram. 

3. If the diagnosis seems clear, and the patient is, and has been, 
asymptomatic, surgical intervention may not be necessary. If symptoms are 
present, relief may follow thoracotomy, where atrial appendectomy, division 
of adhesions, and pericardioplasty may be performed. 


REFERENCES 

1. Ellis, K., Leeds, N. E., and Himmelstein, A.: Congenital Deficiencies of the Parietal 

Pericardium, Am. J. Roentgenol. 82: 125-137, 1959. 

2. Ladd, W. E.: Congenital Absence of tlie Pericardium, New England J. Med. 214: 183, 

1936. 

Additional References 

1. McGarry, R. A.: Patency of the Pericardium and Its Embrvological Significance, Anat. 

Rec. 8: 43, 1914. 

2. Beck, C. S.: Congenital Deficiency of the Pericardium, Arch. Surg. 22: 282-288, 1931. 

3. Moore, R. L.: Congenital Deficiency of the Pericardium, Arch. Surg. 11: 765, 1925. 

4. Watt, I C.: Rare Congenital Deficiency of the Pericardium, Arch. Surg. 23: 995-1006, 

5. Barsoum, H.: Absence of the Pericardium, Brit. M. J. 2: 666, 1935. 

6. Ronka, E., and Tessmer, C.: Congenital Absence of the Pericardium, Am. J. Path. 20: 

13/j 1944. 

7. Shafiroffi, B.: Congenital Absence of the Pericardium, J. Thoracic Sukg. 21: 30 1951 

8. \ onturini, A., and Pesci, A.: The Agenesis of the Pericardium, Arch, di Chirure del 

Torace 11: 189, 1957. 5 6 7 8 ’ 



REPLACEMENT OF THE MAIN PULMONARY ARTERY 
BIFURCATION BY AUTOGENOUS PERICARDIUM 1 

Lester R. Sauvage, M.D.,* Abraham M. Rudolph, M.D.,** and 
Robert E. Gross, M.D., Boston, Mass. 


A technique lias been developed for the successful one-stage experimental 
replacement of the distal main pulmonary artery, its bifurcation, and the 
major portions of both right and left pulmonary arteries that does not require 
the use of pumps, extracorporeal circulation, hypothermia, or circulatory in¬ 
terruption. This method was developed to allow for the study of pericardial 
autografts in the pulmonary arterial system. In this paper we shall outline 
the details of graft placement and shall describe the status of two such grafts 
over observation periods of 16 and 17 months, respectively. 

METHOD 

The method for extensive pulmonary artery resection and pericardial auto¬ 
graft replacement is shown in Fig. 1. The key step in this experimental tech¬ 
nique is the transplantation of the left pulmonary artery to a position adjacent 
to the valve without producing stenosis of its orifice. We attempted this pro¬ 
cedure in 6 adult mongrel dogs (average weight, 20 kilograms) with 2 sur¬ 
vivors. The cause of death in the 4 dogs that died during the operation was 
acute right heart failure secondary to stenosis of the orifice of the transposed 
left pulmonary artery. Both of the dogs that survived operation were studied 
postoperatively by right heart catheterization and angiocardiography, one at 
6 and 13 months and the other at 9 months after operation. 


results 


Right heart catheterization in both dogs at the postoperative intervals men¬ 
tioned above revealed a peak systolic pressure in the right ventricle of about 
40 mm. Hg. The angiocardiographic studies revealed no evidence of aneurysm 
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formation or of significant contracture in either graft (Figs. 2 and 3). One of 
Z 2 do*s that survived operation died at 17 months after operation, whdethe 
other doe is in aood condition at 16 months after operation. The dog that died 
developed moderate ascites at 12 months hut remained active up to the day 



Fig- 1—Technique for the experimental resection and replacement of the distal main 
pulmonary arterj. its bifurcation, and the major portions of both right and left pulmonary 
arteries by a pericardial autograft. 


death. The repeat studies of this dog at 13 months (Fig. 3) did not substantiate 
out clinical impression that the ascites was secondary to contracture of the graft. 
Autopsy examination revealed moderate ascites, hepatic congestion, an enlarged 
right atrium and right ventricle, tricuspid insufficiency, and slight narrowing 



REPLACEMENT OF THE MAIN PULMONARY ARTERY 
BIFURCATION BY AUTOGENOUS PERICARDIUM 1 

Lester R. Sauvage, Ai.D.,* Abraham Ai. Rudolph, Ai.D.,** and 
Robert E. Gross, Ai.D., Boston, Mass. 


A technique lias been developed for tlie successful one-stage experimental 
replacement of the distal main pulmonary artery, its bifurcation, and the 
major portions of both right and left pulmonary arteries that does not require 
the use of pumps, extracorporeal circulation, hypothermia, or circulatory in¬ 
terruption. This method was developed to allow for the study of pericardial 
autografts in the pulmonary arterial system. In this paper we shall outline 
the details of graft placement and shall describe the status of two such grafts 
over observation periods of 16 and 17 months, respectively. 

METHOD 

The method for extensive pulmonary artery resection and pericardial auto¬ 
graft replacement is shown in Fig. 1. The key step in this experimental tech¬ 
nique is the transplantation of the left pulmonary artery to a position adjacent 
to the valve -without producing stenosis of its orifice. We attempted this pro 
cedure in 6 adult mongrel dogs (average weight, 20 kilograms) with 2 sur¬ 
vivors. The cause of death in the 4 dogs that died during the operation was 
acute right heart failure secondary to stenosis of the orifice of the transposed 
left pulmonary artery. Both of the dogs that survived operation were studied 
postoperatively by right heart catheterization and angiocardiography, one at 
6 and 13 months and the other at 9 months after operation. 


RESULTS 


Right heart catheterization in both dogs at the postoperative intervals men¬ 
tioned above revealed a peak systolic pressure in the right ventricle of about 
40 mm. Hg. The angiocardiographic studies revealed no evidence of aneurysm 
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formation or of significant contracture in either graft (Figs. 2 and 3). One -. at 
the 9 do^s that survived operation died at 17 months after operation, w i e e 
other dog is in good condition at 16 months after operation. The dog that died 
developed moderate ascites at 12 months but remained active up to the day ox 



death. The repeat studies of this dog at 13 months (Fig. 3) did not substantiate 
our clinical impression that the ascites was secondary to contracture of the graft 
Autopsy examination revealed moderate ascites, hepatic congestion an enlarged 
nght atrium and right ventricle, tricuspid insufficiency, and slight nanwhm 
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Fig 2 —Angiocardiogram made 9 months postoperati\ elj, in right lateral projection of 
dog with pericardial autograft replacement of the distal mam pulmonary arterj, Its biturca 
tion, and the major portions of both right and left pulmonarj arteries Ninetj per cent Hjpaquc 
was injected through a catheter positioned in the right eyternal jugulai \ein Note the opaci¬ 
fied superior rena cat a, right atrium, right \entricle, and the pulmonary arterial tree mere 
is neither aneuijsmal dilatation nor significant contractuie of the graft The shadou ' 
above the right ventricular outflow tract is the normal-sized appendage of the right atrium 
Right heart catheterization revealed a peak systolic pressure of -10 mm Hg in the light \en- 
tncle and a gradient across the graft of 20 mm Hg 



-- •)_AmnocardiOgram made 13 months postopcratir el> , in right lateral projection of 

dog with Pericardia^ t^STaft r f ep ^ 1 m r,ght 0f and° left ’pulmonaiy' artcr^s "kS’etf “cent 
Hypaque*wasena**ca* a 7nt*o''the^right” a c,ntncje^“^^“the 8 
IncurTsmardUatation or of ^gnitogt appSn^e^f the nghttwSm V, ^ t f °„ v r ? 

the right 'pntricular outflow tract is the enlarge^ mm Hg . ^ ^ rlsh , t l '"' F ; mht »rt 

catheterization mm Hg Seren months previously the Pressure fln r fi^l d ^ 
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Fig 4—Roentgenogram, posteroantenor \ie\\, of the pulmonary arterial system of the 
doer dead at 17 months (512 da's) after operation The \essels are inflated to approximate!! 
30 mm. Hg " ith air \ la the cannula positioned in the proximal mam pulmonarj artery. The 
outflotr tract of the right ' entricle has been separated from the rest of the heart. The trachea 
and major bronchi hate been excised The pulmonap \ems are heated at the lobar le\ el 
Xote the absence of anj e\idence of calcification The dimensions of the graft as measured 
on this roentgenogram are about 25 per cent less than those taken at the time of operation. 




specimen, the roentgenogram of which is seen in Fig 4 Thi«? 
innor Srfi™ op *E cd f J on > tbe 1X3 ^tenor aspect Xote the appearance of the graft T Its 
innf'r surface is smooth and glistening The suture lines are well health , 

to C thT\ f aK^ C i«Tth t » an ? p H able % ’The ^eftical suture line in the main pulmonar^arterv adjacent 
hon of ule e ^' C {E S ^V.g er i) U>e ' Pulmonary artery had been anastomosed'durm?imp^tS- 
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of the graft (Fig. 4). The graft was soft, pliable, and free of degenerative 
change. Its inner surface was smooth and glistening. The multiple suture lines 
were well healed (Fig. 5). There was no evidence of pulmonary infarction. 

DISCUSSION 

The method described in this paper for resection and replacement of the 
main pulmonary artery bifurcation is technically difficult of accomplishment. 
However, the technique could be simplified by interposing a temporary graft 
between the end of the left pulmonary artery and the right ventricle. 

We are greatly interested in the fate of autogenous pericardium in the pul¬ 
monary arterial circuit. Robinson, Glotzer, Gilbert, and Hurwitt 1 have shown 
that aortic homografts in the pulmonary artery are subject to severe degen¬ 
erative change in the pericardial autograft, reported here to be significant at 
17 months (Figs. 4 and 5). In other experimental studies in the dog we have 
observed pericardial autografts to function well and to show no evidence of 
degenerative change in the intrathoracic inferior vena cava (Sauvage and 
Gross 2 ) and in the right ventricular outflow tract (Sauvage, Gross, Rudolph, 
Pontius, and Watkins 3 ). 

On the basis of these observations and those reported here we are employing 
autogenous pericardium clinically for widening of the right ventricular outflow 
tract and of the pulmonary artery in instances of infundibular stenosis or hypo¬ 
plasia of the artery. Longer periods of observation are required to ascertain 
the ultimate fate of autogenous pericardium in the pulmonary artery. We arc 
keeping the remaining animal reported in this paper for such purpose. 

summary 

A technique for the experimental resection and replacement of the distal 
main pulmonary artery, its bifurcation, and the major portions of both right 
and left pulmonary arteries by autogenous pericardium has been presented. 
We believe this technique of graft implantation to be a useful experimental 
method, and the satisfactory function of two such pericardial autografts over 
implantation periods of 16 and 17 months, respectively, to be of clinical sig¬ 
nificance. 
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EXPERIMENTAL REPLACEMENT OE THE 
AORTIC ARCH BY HOMOGRAFTS 


Lester R. Sauvage, M.D. * Abraham M. Rudolph, M.D., and 
Robert E. Gross, M.D., Boston, dhttf. 

T his paper lias tlie following three purposes: first, to outline a simplified. 

method for tlie experimental replacement of tlie aortic arch and its branches; 
second, to describe the function over the first year of two homografts so im¬ 
planted as aortic arch replacements; and third, to present observations of the 
responsiveness of the cardiovascular system to various stimuli after replacement 
of the aortic arch. 


EXPERIMENTAL METHOD 

Six adult mongrel dogs were employed in this study. Each dog was given 
30 mg. of sodium pentobarbital per kilogram of body weight intravenously. 
Hypothermia was induced by partial immersion of the anesthetized animal in 
cold running tap water for from 10 to 20 minutes (Sauvage, Pontius, Watkins, 
and Gross 3 ). After opening the left hemithorax through the fourth intercostal 
space, the aortic arch was resected and continuity re-established with an arch 
homograft by the method depicted in Fig. 1. The key step in this method is 
that shown in step 3 in which the azygos vein is allowed to drain into the heart 
while the venae cavae are occluded. Thus, while aortic continuity is interrupted, 
the coronary circulation is maintained by the azygos inflow into the heart. After 
occluding the venae cavae, the heart should be allowed to contract several times 
before the ascending aorta is clamped in order to avoid the development of 
excessive intracardiac pressures. 

Postoperatively, the 2 surviving animals were observed carefully and each 
was studied by aortography, 1 at 161 days and the other at 178 days after 
operation. The response of the blood pressure and heart rate to epinephrine, 
norepinephrine, serotonin, atropine, anoxia, and hypercarbia were determined 
in 1 of these 2 dogs at 211 days after operation. 


RESULTS 

Four of the 6 dogs undergoing the procedure illustrated in Fig. 1 died 
because of problems related either to the technique of implantation or to the 
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Fig x —Method of lesecting the aortic aich and restoring continuity bv means of a" 
aortic arch homograft The graft is first anastomosed to the side of the descending thoracic 
wK 4 shown in step 1 Then the left brachial arterv (subclawan) of the rlo? k di\ided 
and its distal end anastomosed to the brachial ai tei y branch of the graft The graft is then 
SS&9& between the on*,ns of Us loft £ached and brao.uo,. - «?j« 


. 

lir 1 ~ m steP . % rfe"* 

ff? 1 wnae cauus are occluded while the azjgos is left open The heart 7s alknfed to 
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development of deep hypothermia. Both of these complications are easily avoid¬ 
able as experience is acquired with the method. Neither of the 2 dogs that 
survived this procedure received intravenous fluids or blood transfusions. Both 
of these animals were rendered moderately hypothermic by immersion in cold 
runnins tap water according to the method referred to above. 

The first surviving dog. a 16 kilogram animal, after 15 minutes in running 
tap water at 12° C. had a rectal temperature of 30° C. At the end of operation, 
the rectal temperature was 2S° C. The ascending aorta was occluded for 12 
minutes while the graft was anastomosed to the proximal end of the ascending 
aorta (step 4, Fig. 1). The heart did not miss a beat during this period of 
occlusion of the ascending aorta: its contractions remained vigorous throughout 
and its color pink. This animal recovered normally and manifested no evidence 
of neurolosric damage. The aortogram of this dog at 1/8 days after operation is 
shown in Fig. 2. The blood pressure and heart rate responses of this animal to 
epinephrine, norepinephrine, serotonin, atropine, anoxia, and hyperearbia were 
studied at 214 days postoperatively and found to he normal. This animal con¬ 
tinues to he in excellent general condition at 14 months after operation. 

The second surviving animal, an 11 kilogram dog. after 10 minutes in run¬ 
ning tap water at 10° C. had a rectal temperature of 32° C. At. the end of 
operation, the rectal temperature was 25° C. The ascending aorta was occluded 
for 7 minutes while the graft was anastomosed to the proximal end of the 
ascending aorta (step 4, Fig. 1). The heart heat strongly throughout the period 
of occlusion of the ascending aorta, but fibrillation ensued shortly after removal 
of the occluding clamp as the heart was being displaced from its normal po¬ 
sition to allow for removal of blood from the pericardial cavity. However, 
defibrillation was easily accomplished by one countershock. This animal re¬ 
covered normally and manifested no evidence of neurologic damage. The aorto¬ 
gram at 164 days after operation is shewn in Fig. 3. This animal is now 13 
months postoperative and continues to be in excellent general condition. 


DISCUSSION 

Sauvage and IVesolowskh observed that Orion prostheses were unsuited for 
use as aortic arch replacements because of kinkin g hi regions of ansulation. 
These grafts were implanted in normothermic animals using a technique that 
employed retrograde endograft slnmts (steps 1 and 2, Fig. 1) and a shunt from 
the left ventricle into a side arm of the graft while the prosthesis was anasto¬ 
mosed to the proximal end of the ascending aorta. Satinsky, Neptune, and 
Alar reported an impressive series of successful homologous transplants of the 
aortic arch in dogs employing a similar technique. However, the method re¬ 
ported here has seemed easier to perform and, therefore, would appear to have 
merit as a procedure for laboratory use. 

The many complexities of the architecture of the aortic arch have stvmied 
the manufacture of a prosthesis suitable for replacement of this portion of the 
aorta. It seems probable that aortic arch homografts will continue to be the 
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Fig. 2.—Aortogram made 178 days after operation which shows the aortic arch homo- 
graft to be functioning satisfactorily. The anastomoses are indicated by arrows. (This gran 
had been preserved 5 days in saline solution at 4° C. prior to implantation.) 
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preferable type of graft in this location for many years. De Bakey, Crawford, 
Cooley, and Morris 1 reported the nse of a liomograft for the first successful 
clinical replacement of the aortic arch. Extracorporeal circulation was em¬ 
ployed to maintain essential blood flow during the period of interruption of 
aortic continuity. However, little is known of the long-term fate of liomografts 
employed for replacement of the aortic arch. The 2 dogs reported in this paper 
are being kept for such study and will be reported subsequently. 

It is of interest that the response of the cardiovascular system to epi¬ 
nephrine, norepinephrine, serotonin, atropine, anoxia, and hyperearbia was nor¬ 
mal in the 1 dog so studied at 214 days after aortic arch resection and liomograft 
replacement. The aortogram of this animal is shown in Fig. 2. It is probable 
that carotid sinus mechanisms were able to compensate for the loss of the pressor 
and chemoreceptor mechanisms contained in the aortic arch. Whether similar 
compensation occurs in the human being is not known. 

SUMMARY 

An experimental method has been described for replacing the aortic arch 
that employs retrograde endograft shunts and moderate hypothermia in which 
cardiac ischemia is avoided by leaving the azygos vein open during the period 
of vena eaval inflow stasis. This technique is recommended for the laboratory 
study of aortic ai-ch grafts because of its comparative simplicity. 

Aortograms at 6 months after operation and clinical observation for 1 year 
of the 2 dogs in this study indicate excellent function during this implantation 
period of the homografts employed as aortic arch replacements. 

Studies were conducted in 1 of these 2 animals of the responsiveness of the 
cardiovascular system to a variety of stimuli. The results indicate that replace¬ 
ment of the aortic areli in the dog is not associated with any significant change 
in cardiovascular reactivity. 
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CARDIOVASCULAR SURGERY 
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and Ivan D. Baronofsky, M.D., New York, N. Y. 


I. ATRIAL CLAMP WHICH ALLOWS FOR REPEATED RE-ENTERING OF ATRIUM 


A dvances in open-heart surgery have necessitated the creation of new mstra- 
ments designed to meet the special requirements of this field. The clamp 
shovm in Fig. 1 is designed to allow for extensive surgery within the atrial 
cavity by providing maximum exposure with complete control of the wound. 
The clamp allows the surgeon to stop at any point in the operative procedure 
and easily and hemostatieally approximate the wound edges by simply ap¬ 
proximating the jaws of the clamp. This enables the operator to open and 
close the atrium and to enter and re-enter the heart as frequently as he de¬ 
sires. In cases performed under complete occlusion of the cardiac inflow, the 
clamp is of value in extending the operating time by allowing the surgeon to 
close the atrium, allow r a temporary period of cardiac inflow', and then re-enter 
the atrial cavity to continue the procedure under inflow' occlusion. The 
surgeon is able also to suture the atriotomy wound leisurely in a dry field with 
no tension on the sutures, as the wound edges are approximated by the clamp 
w'hen this procedure is performed. 

The instrument is a conventional cardiovascular clamp with atraumatic 
blades. On the outer surface of each blade are three small cross-bars. On 
the handle is a ratchet which prevents accidental opening of the clamp. 
There is also a second ratchet u'hich allow's the blades to be fixed in the open 
position. The latter ratchet is controlled by a side bar which can be easily 
manipulated by the finger. To use this instrument, tw-o parallel rows of guide 
sutures are placed along the anterolateral wall of the atrium along the line 
of the projected atriotomy. Each row' should contain three sutures. All the 
sutures are then elevated and the sutures and intervening atrial tissue clamped. 
The sutures are then tied snugly to the small cross-bars on the outside of the 
clamp, and the atriotomy made between the two rows of sutures (Fig. 2, A). 


From, the Division of Experimental Surgery. The Department of Surgery. The Mount 

Sina ‘ Tlhs^vork^v^ Supported by Grants A-1717 and H-31S7. U.S. Public Health 
Received for publication Oct 8, 19o9. 

•Fellow, New York Heart Association. 


Service. 


GO 



Vol. 40, No. l INSTRUMENTS FOR- CARDIOVASCULAR SURGERY 6 / 

July, 1960 

The clamp is then opened widely and locked in the open position with the side 
bar (Fig 2 B) This presents a large rectangular opening in the atrium with 
excellent exposure of all parts of the atrial chamber. If further exposure is 
needed, the atriotomy is extended. At the completion of the procedure, air is 
flushed’ out of the atrial cavity and the atriotomy rapidly sealed by approxi¬ 
mating the clamp blades. If the atriotomy has been extended, the end of the 
incision is brought between the blades by elevating it with a forceps. The 
atriotomy may then be subsequently sutured at leisure (Fig. 2, G). 

The clamp described has had extensive trial in the experimental direct 
vision production of interatrial septal defects and has been very satisfactory. 



Fig. 1.—Atriotomy clamp. 


It is projected for clinical use in the open repair of such defects. The clamp 
has also been successfully used in the surgical creation of complete heart block 
in 5 dogs 1 utilizing complete occlusion of the cardiac inflow without hypo¬ 
thermia or cardiac bypass. The clamp permitted repeated entry into the atrial 
cavity until a ligature effectively producing complete heart block was placed. 

The clamp can be made in two angles. The one shown (Fig. 1) is more 
effective in dog experimentation because of the shallow thoracic cavity. A 
more acute angle is necessary for the deeper chest of the human being. 

II. SUCTIOX TIP FOR LARGE AND SMALL BLOOD LOSS 

The need for adequate suction to maintain a clean operative field is of 
extreme importance in intracardiac surgery. This is often difficult to achieve 
despite the varied types of suction units presently available. The unit shown 
in Fig. 3, A has been designed to provide effective and efficient suction of both 
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I. ATRIAL CLAMP WHICH ALLOWS FOR REPEATED RE-ENTERING OF ATRIUM 


A dvances in open-heart surgery have necessitated the creation of new instru¬ 
ments designed to meet the special requirements of this field. The clamp 
shown in Fig. 1 is designed to allow for extensive surgery within the atrial 
cavity by providing maximum exposure with complete control of the wound 
The clamp allows the surgeon to stop at any point in the operative procedure 
and easily and hemostatieally approximate the wound edges by simply ap¬ 
proximating the jaws of the clamp. This enables the operator to open and 
close the atrium and to enter and re-enter the heart as frequently as lie de¬ 
sires. In cases performed under complete occlusion of the cardiac inflow, the 
clamp is of value in extending the operating time by allowing the surgeon to 
close the atrium, allow a temporary period of cardiac inflow, and then re-enter 
the atrial cavity to continue the procedure under inflow occlusion. The 
surgeon is able also to suture the atriotomy wound leisurely in a dry field with 
no tension on the sutures, as the wound edges are approximated by the clamp 
when this procedure is performed. 

The instrument is a conventional cardiovascular clamp with atraumatic 
blades. On the outer surface of each blade are three small cross-bars. On 
the handle is a ratchet which prevents accidental opening of the clamp. 
There is also a second ratchet which allows the blades to be fixed in the open 
position. The latter ratchet is controlled by a side bar which can be easily 
manipulated by the finger. To use this instrument, two parallel rows of guide 
sutures are placed along the anterolateral wall of the atrium along the line 
of the projected atriotomy. Each row should contain three sutures. All the 
sutures are then elevated and the sutures and intervening atrial tissue clamped. 
The sutures are then tied snugly to the small cross-bars on the outside of the 
damp, and the atriotomy made between the two rows of sutures (Fig. 2, A). 
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The clamp is then opened widely and locked in the open position with the side 
bar (Fig. 2, B). This presents a large rectangular opening in the atrium with 
excellent exposure of all parts of the atrial chamber. If further exposure is 
needed, the atriotomy is extended. At the completion of the procedure, air is 
flushed'out of the atrial cavity and the atriotomy rapidly sealed by approxi¬ 
mating the clamp blades. If the atriotomy has been extended, the end of the 
incision is brought between the blades by elevating it with a foieeps. Hie 
atriotomy may then be subsequently sutured at leisure (Fig. 2, C ). 

The clamp described has had extensive trial in the experimental direct 
vision production of interatrial septal defects and has been very satisfactory. 



Fig 1.—Atriotomy clamp 

It is projected for clinical use in the open repair of such defects. The clamp 
has also been successfully used in the surgical creation of complete heart block 
in 5 dogs 1 utilizing complete occlusion of the cardiac inflow without hypo¬ 
thermia or cardiac bypass. The clamp permitted repeated entry into the atrial 
cavity until a ligature effectively producing complete heart block was placed. 

The clamp can be made in two angles. The one shown (Fig. 1) is more 
effective in dog experimentation because of the shallow thoracic cavity. A 
more acute angle is necessary for the deeper chest of the human being. 

II. SUCTION TIP FOB LABGE AND SMALL BLOOD LOSS 

The need for adequate suction to maintain a clean operative field is of 
extreme importance in intracardiac surgery. This is often difficult to achieve 
despite the varied types of suction units presently available. The unit shown 
m Fig. 3, A has been designed to provide effective and efficient suction of both 
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large and small amounts of fluid. The unit is available in three sizes with 
internal diameters ranging from 3 to 6 mm. Despite this large inflow capacity, 
the design is such that the suction tip is not bulky and cumbersome. The 
instrument shown disassembled (Pig. 3, B) consists of an inner tubular shaft, 
an outer shaft, a tip consisting of four lateral holes and one distal hole, a 
spring controlled lever, and a handle. In the resting position (Pig. 4, A and I!j, 



Fig. 2.—A Atriotomy clamp in position on wall of atrium. Note sutures tied about the 
cross-bars of the clamp securing the atrial wall to the clamp blades Dotted l?ne indicates 
line of proposed incision in the tissue between the clamp blades Dotted line 

opening are^ompletlly ^controlh^by^he 1 c?amp"tUades?"' 1 ^ and the ^ent of the wound 

sutured ° f the ° PeratiVe Pr ° Cet3Ure - The atriot0 "^ incision can be 


all the inlet orifices are open and large amounts of fluid (1,150 to 2,400 c.c. per 
minute, depending upon size of suction unit) can be easily handled! This unit • 
is also capable of handling the remaining small pools and drops of blood which 
tend to obscure the operative field. In most suction units, when an attempt is 
made to remove a small pool or drop of fluid, air enters the inlets before the fluid 
does. Tliis breaks the effective vacuum and the suction tip does not function. 
In the unit described, upon depressing the lever, the side inlets are shut off (Fig. 
4, C) and only the distal orifice of the suction tip is operative. This allows the 
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Fig 1 . 4.-— A, Suction unit, 

B, Drawing of tip of suction unit showing side and distal inlet orifices operative in the 
usual resting position of the inner shaft. 

C. Drawing of tip of suction unit when lever on handle is depressed. Inner shaft has 
been advanced to meet the distal orifice. This closes the side inlets and causes the suction to 
be operative at the distal orifice only. 


of Wood, this unit also decreases turbulence of the stream and the subsequent 
hemolysis of red blood cells as air is not able to mix with the blood when the 
lever is depressed. Since the suctioned blood is recirculated in cardiac bypass 
operations, it is important and advantageous to have a minimum of hemolysis 
occur as a result of the suction unit employed. 
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SUMMARY 

Two new instruments* for use in the field of intracardiac surgery have been 
presented. A clamp for easy and effective control of atriotomy incisions and a 
suction unit capable of handling fluid volumes ranging from minute to large 
amounts with a minimum of hemolysis hare been described. 

REFERENCE 

1. Kalin, II., Senderoff, E., Shapiro, J., Bleifcr, S., and Grisliman, A.: Bridging of Inter 
mpted A-V Conduction in Experimental Chronic Heart Block by Electronic Means 
Am. Heart J. 59: 548, I960. 


•The mstruments described are manufactured by Eduard Week & Co. Inc . 135 Jolmsor 
Street, Brookljn 1, X. Y. 



BRONCHIECTASIS: RESULTS OF PULMONARY RESECTION 

Lieutenant Colonel Thomas H. Hewlett, MC ; USA * Fort Sam Houston, 
Texas, and Lieutenant Colonel H. Haskell Ziperman. AlC. USAA* 

San Francisco. Calif. 


T he frequence of bronchiectasis has been emphasized in reports originating 
from hospitals winch are devoted primarily to the management of pul¬ 
monary disease. The tine incidence of this disease in the general population 
has not been clarified. Proved bronchiectasis is a surgical problem from the 
standpoint of either palliation or cure, and a significant period of time is 
devoted to the diagnostic investigation of suspect patients. Evaluation of 
the problem as it exists in the population served by a general hospital could be 
expected to clarify the incidence of the disease, as well as to confirm the re¬ 
sults of surgical treatment. 

The period 1949 to 1958 was chosen for study. All proved cases of 
bronchiectasis studied or treated by the Thoracic Surgical Service of Brooke 
Army Hospital are herein reported. 

The yearly summary reports were utilized in deriving average figures in 
several categories. Excluded from the admission figures are (1) births, and 
(2) patients with proved diagnosis of active pulmonary tuberculosis. 


Table I. Admissions 


HOSPITAL 

ADMISSIONS 

\ PATIENTS WITH | 
PULMONARY 

1 DISEASE 

CLINICALLY | 
DIAGNOSED AS 
BRONCHIECTASIS, 

BRONCHOGRAPHY 
PERFORMED | 

PROVED 

bronchiectasis 

20,792 

560 

61 

S5 

11.5 


Incidence of Bronchiectasis 

per 1,000 admissions 0.55 

per 100 patients with pulmonary disease 2.05 

per 100 bronchograms 13.5 


The existence of bronchiectasis is proved bronehographically in 1 out of 
every G suspects. It is immediately apparent that the majority of the patients 
subjected to diagnostic study because of chronic cough do not have bronchi¬ 
ectasis. Bronchoscopy in these patients discloses chronic changes in the 
bronchial mucosa. Bronehograms fail to reveal bronchiectatic changes. A 
diagnosis of chronic bronchitis has been applied to such patients, such a diag- 
nosis b eing arrived at by elimination. Compared with the incidence of other 
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chronic pulmonary diseases, bronchiectasis has become a relative rarity 
thereby confirming the prediction that this disease entity would decrease in 
frequency as a direct result of more efficient management of acute respirator} 
infection in children and adults. More effective treatment has evolved con¬ 
comitantly with the development of broad spectrum antibiotics. 

CLINICAL MATERIAL 

One hundred and fifteen consecutive proved eases of bronchiectasis vote 
studied. The disease was unilateral in 95 patients and bilateral in 20 pa¬ 
tients. One hundred and seven patients were treated by pulmonary resec¬ 
tion—103 unilateral resections and 4 bilateral resections, totaling 111 opera 
tions. Eight of the 115 patients were not treated surgically. Eighty-two or 
76.6 per cent were male; 33 or 23.4 per cent were female. There were only 5 
Negro adults in the group. Six children are included in the series. 


HISTORICAL DATA 

UNILATERAL ■ |' j» J 
BILATERAL ■ pzog 



The symptomatology was consistent with that recorded in numerous 
reports and merits no repetition. Significant sputum volumes were recorded 
only in patients with severe bilateral disease. The ages range from 2 to 63, 
with an average age of 28. The average duration of symptoms was 6 years. 

In 82.6 per cent of the patients studied, a positive significant history 
could be obtained. The childhood origin of the disease was consistently em¬ 
phasized by repeated bouts of moderate upper respiratory infection during 
the winter months which tended to limit the school attendance. Since the 
report of Ochsner and associates in 1949, little attention has been paid to the 
medical history of these patients. The fact that only 33 per cent of the pa- 
tients studied were able to trace the origin of their disease to childhood sug¬ 
gests that the majority of cases no longer develop during childhood. 

Of the patients studied, 41.7 per cent traced the onset of their bronchiec¬ 
tasis to a documented major respiratory infection in adulthood. This is sig¬ 
nificant as it establishes the fact that bronchiectasis can and does develop in 
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the adult. Three of the patients studied had bronchograms carried out early 
_ during their convalescence from atypical viral pneumonia. The initial films 
' revealed bilateral basilar pseudo-bronchiectasis. Within a 6-month period, 
during which repeated bronchography was performed, bronchiectatic changes 
disappeared on one side and become permanent on the other. Resected speci¬ 
mens in each instance revealed the permanent pathologic changes of cylin¬ 
drical bronchiectasis. It has been observed that the pseudo-bronchiectasis, 
which follows atypical pneumonia in the young adult, will clear usually within 


RIGHT PULMONARY RESECTIONS-TOTAL 52 




Fig. 2. 


90 days following the disappearance of acute symptoms. Aggressive therapy 
of acute pneumonic processes in the adult must include adequate attention to 
airway toilet if the development of irreversible bronchiectasis is to be pre¬ 
vented. 

The physician treating acute respiratory infections in the adult should be 
reminded of the statement by Gross 0 : “Bronchiectasis rises slowly out of the 
smoldering ashes of some previous pulmonary insult or long continued pul¬ 
monary inflammation.” 

PULMONARY RESECTIONS 

Unilateral disease is almost equally distributed between the two lungs 
with the marked predilection for the lower lobes. Bilateral disease was pres¬ 
ent m 20 or 17.3 per cent of the patients studied. Of these, 60 per cent were 
treated with unilateral resection; 20 per cent had bilateral resections. 
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LEFT PULMONARY RESECTIONS -TOTAL 51 




Pie. 3. 


STAGED BILATERAL PULMONARY RESECTIONS-TOTAL 8 




Pie. 4 . 
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; Eight patients in the series received no surgical treatment. Four had 
severe bilateral disease with critical maximum breathing capacities. Three 
with unilateral disease refused treatment. One patient had severe contra- 

■ lateral residual disease following previous lobectomy in another institution. 
There are no pulmonary cripples as a result of bilateral resection; the 4 pa- 

■ tients on,joy reasonable health and are fully active. 

1 In all operations, hilar dissection has been used with individual ligation 
of the vessels and closure of the bronchial stump with interrupted nonabsorb¬ 
able sutures. Tn lower lobe resections it has been routine to preserve the 
i superior segment when possible. This has not resulted in an increase in com¬ 
plications and its economic soundness is attractive. Prcopcrn lively, patients 
have been carefully instructed in breathing exercises and this exercise is 
started under supervision the day after operation. Aggressive airway care, 
consisting of tracheal aspiration and coughing, is started on a In to 30 minute 
routine as soon as the patient reacts from anesthesia. "Water-seal drainage of 
the pleural space is maintained for at least 48 hours and longer if complica¬ 
tions occur. Pleural space suction was used only when a bronchopleural fistula 
^ developed. Penicillin and streptomycin have been administered for T days 
' postoperatively. Preoperative antibiotics have been used only in bilateral 
, disease. 

COMPLICATIONS 

A total complication rate of 13.8 per cent is considered high but not un¬ 
reasonable when it is realized that 70 per cent of the operations were performed 
by residents in their third and fourth years of general surgical training. In 
' view of complication rates of 25.8 per cent reported by Ginsberg® in 1955, one 
of 22.8 per cent reported by Bradshaw 1 in 1957, and 41.0 per cent reported by 
Helm 7 in 1958, it appears that a i-ate in the range of 20 per cent is acceptable 
unth current techniques. 


Table II. Complications (111 Operations) 


TV PE 

| NUMBER | 

TREATMENT 

| RESULT 

Bronchopleural fistula 

Bronchopleural fistula-empyema 
Hemothorax 

Empyema 

Atelectasis 

Hemoptysis 

8 

4 

3 

1 

1 

1 

Tube drainage - 7 
Thoracoplasty - 1 

Tube drainage - 4 
Thoracotomy - 3 

Tube drainage - 1 
Bronchoscopy - 3 times 
Bronchoscopy, 

Cured 

Cured 

Cured 

Cured 

Cured 

Minor wound infection 

Major wound infection 

3 

1 

conservative - 1 

Local 

Secondary closure 

Cured 

Cured 

Cured 


Complication rate — 19.8% 3 

Bronchopleural fistula — 54.5% 

75% of bronchopleural fistulas associated with 
_stump of lingula bronchus 


As the direct result of constant awareness of the problems resulting f rom 
retained secretions, it has been possible to prevent complications directly 
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traceable to this factor. Each patient receives preoperative indoctrination as 
to the technique and value of coughing. Breathing exercises are taught pre- 
operatively and resumed under supervision on the first postoperative day. 
Any patient who develops significant secretions during operation is broncho- 
scoped at the conclusion of operation. Tracheal suction is used on a 15 to 30 
minute schedule during the first 48 hours. In the early postoperative period, 
bronchoscopy is performed if the efficiency of the tracheal suction or cough is 
questionable. Consequently, the development of atelectasis is rare. Such a 
program necessitates round the clock attention by the house staff. 

Bronchopleural fistula associated with a segmental bronchial stump is a 
well-recognized hazard and is most likely related to the destruction of bron¬ 
chial vessels incidental to the resection technique. Complete skeletonization 
of the segmental bronchus was frequently evident in the operations performed 
during the first few years of this experience, the period in which the major 
portion of the complications appeared. The only significant variation in tech¬ 
nique has been the adoption of minimal dissection in the region of the origin 
of the segmental bronchus to produce a bleeding bronchial stump in prefer¬ 
ence to one which is devoid of peribronchial tissue. Following closure of the 
bronchial stump, the bleeding is controlled by sirperficially placed suture liga¬ 
tures. It is our clinical impression that this has been significant in reducing 
the instance of bronchopleural fistula. We have not been aware of lung diffi¬ 
culty traceable to operative injury of intersegmental veins. 

Intrapleural air pockets which appear following removal of the thoracot¬ 
omy tubes are considered as diagnostic of fistula and are treated by suction 
drainage. The early use of tube drainage seems to reduce the incidence of 
empyema as a concomitant complication of fistula. 

Complications have contributed to poor results in 2 of 4 patients not im¬ 
proved by operation. Of the complications listed, 60 per cent occurred during 
the first 5 years of the experience. 

RESULTS 


Table III. Results 


RESULTS 

UNILATERAL 

DISEASE 

BILATERAL DISEASE 

i | ii 

FOLLOW-UP 

PERIOD 

PER CENT 

benefited 

Cured 

27 

i 

3.7 yr. 

36.4 

94.8% 

Improved* 37 

4 4 

5 yr. 

58.4 

None 

3 

1 

3 yr. 

5.2 

5.2% 


•Two late deaths occurred in patients who were improved. 


Of 107 patients treated by resection we have follow-up information on Tt 
or 71.9 per cent; of these 75 are alive. There have been two l a t e deaths not 
attributable to bronchiectasis.* One patient died of carcinoma in the opposite 
lung 2 years after operation. One patient died of generalized peritonitis 3 
years following lobectomy. Thirty patients have been lost to follow-up. 

*These deaths were in patients who were improved. 
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“Cured” designates those patients who arc free of symptoms and have no 
limitation of activity; 3G.4 per cent of the group fall into this category. The 
patient with a single operation in bilateral disease has had no progression of 
mild anatomic changes in the nnoperated lung. 

“Improved” designates those patients who continue to have a cough hut 
arc able to carry out normal physical activity; 5S.4 per cent of the group fall 
into this category. In addition to cough, minor occasional hemoptysis is ic- 
ported by 5 patients. Increased susceptibility to respiratory infection is re¬ 
ported by 3 patients. Three of the 4 patients undergoing bilateral resection 
report mild dyspnea on exertion. It shonld be noted that the residual cough 
is frequently described as dry in distinction to the characteristic productive 
cough that existed prior to operation. A significant number of the patients 
who continue to cough have resumed smoking since operation. 

“Poor” is applied to those patients who have not. been improved by opera¬ 
tion. Marked productive cough continues and their physical activity is limited 
to the point that they cannot he gainfully employed; 5.2 per cent fall into this 
category. 

Seventy-three patients or 04.8 per cent were benefited by resection and 
are employed. 

Comparison of Results .—A survey of the surgical experience with bron¬ 
chiectasis published during the period of this study may he used ns a basis 
for predicting results in surgical treatment of the disease. A complication 
rate of 22.8 per cent can be anticipated; however, the mortality rate should 
remain less than 1 per cent. An average cure rate of 43.2 per cent, is expected 
while another 42.6 per cent should be improved by operation. Of those pa¬ 
tients treated, 85.8 per cent should be benefited and capable of normal activity 
following operation. Surgical treatment will fail in approximately 0.2 per 
cent. 


Table IV. Comfamson of Results 


AUTHOR 

PATE 

PATIENTS 

% 

CURED 

% 

nt PROVED 

* 

POOR 

% 

MORTALITY 

% 

BENEFITED 

Oclisner et al.® 

1949 

82 

44.9 

34.4 

4.2 

0 

79.3 

Ginsberg et nl.s 

1955 

221 

75.0 

16.0 

5.0 

0 

91.0 

Bradshaw et a!. 1 

1957 

270 

21.1 

G1.5 

6.0 

0 

S2.G 

Helm and Thompson? 

1958 

159 

41.0 

43.0 

10.0 

G 

84 0 

Brooke Army Hospital 

1959 

77 

3G.4 

58.4 

5.2 

0 

94.8 


DISCUSSION 

The aggressive diagnostic approach generally utilized in the evaluation 
of patients with symptoms of pulmonary disease is essential in the diagnosis 
and management of bronchiectasis. That bronchiectasis can originate in the 
adult is becoming well established, a fact which will modify the earlier con¬ 
cept of the disease being one which generally originated during childhood. 

Classification of bronchiectasis into primary and secondary times is of 
didactic interest only. A true bronchial obstructive phenomenon exists in the 
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early phases of the disease. There is no evidence to suggest that the patho¬ 
logic changes, distal to the site of foreign body bronchial occlusion, differ in 
any way from those changes which develop distal to bronchial occlusion which 
is the result of localized edema and infiltration occurring in acute pulmonary 
infection. The combination of some degree of bronchial obstruction and distal 
inflammation is constant in the development of bronchiectasis. 

The continued reporting of surgical experiences with bronchiectasis con¬ 
firms the efficacy of resection as both a palliative and curative measure. The 
advanced saccular type disease appears to be decreasing in frequency, with 
the advanced cylindrical pattern being noted frequently. This is undoubtedly 
due to earlier use of bronchography in the evaluation of patients with pul¬ 
monary symptoms; thus the bronchial changes are recognized before they 
progress to marked saccule formation. Pulmonary resection is never recom¬ 
mended solely on the basis of radiographic changes but is reserved for those 
patients in whom there is an unquestionable history of chronic pulmonary 
symptoms associated with permanent changes in the bronchographic pattern. 

The complication and mortality rates associated with earlier experiences 
of pulmonary resection for bronchiectasis have constantly decreased with the 
use of individual dissection and ligation of hilar structures, the general avail¬ 
ability of endotracheal anesthesia, alert postoperative care aimed at maintain¬ 
ing a clear airway, and the prevention of infection by the use of antibiotics to 
counteract pleural contamination incidental to operation. 

Pulmonary resection is the treatment of choice in all age groups. 
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INFLUENZAL PNEUMONIA AND BLOOD GAS ANALYSIS 

An Attempt at Correlation Between Anatomic 
and Functional Findings 

Milorad Andrial, /M.D., Manchester, Conn. 

O ne of the striking findings in gas analyses o£ arterial blood in patients with 
influenzal pneumonia was a marked reduction of oxygen saturation levels.’' - 
Tins fact, was advanced to explain the deep cyanosis of the patients. 

The cause ot' this insufficient oxygen saturation may he sought in the 
following factors: (1) obstruction of alveolar and bronchiolar lumen by 
secretion, edema fluid, blood, and exudate, (2) impairment of gas diffusion be¬ 
cause of thickening of alveolar wall by edema and inflammatory exudate, and 
(3) hypoventilation caused by pleural pain and possible toxic damage 1o Iho 
respiratory center. 

We have been mainly interested in examining the role played by the. lung 
arteries and arterioles in this process. According to von Euler and Lil jest rand, 3 
inspiration of air poor in oxygen or rich in carbon dioxide results in a rise of 
pulmonary pressure in the animal. If such arterial contraction would come 
into play to diminish the blood supply to individual, poorly aerated, lung 
portions, then—according to these author's—this would he a protective mecha¬ 
nism; among other things, little or no mixing of nonoxygenated blood from 
alveolar capillaries (e.g., because of diffusion impairment due to alveolar- 
exudate) with blood rich in oxygen from healthy lung portions would occur. 

This mechanism would allow blood that originally was to flow into poorly 
aerated lung areas to he deviated into healthy lung tissue. This would main¬ 
tain the same level of blood pressure in the pulmonary artery, provided of 
course that sufficient healthy lung parenchyma were available as reserve. 

Animal experiments and investigations in human beings by Motley and his 
associates, 4 who introduced air with a low oxygen content into oire and subse¬ 
quently both lungs, seem to confirm this point of view, inasmuch as no blood 
pressure rise in the main pulmonary artery resulted from one-sided respiration. 

Wliat are the alterations of blood supply that occur in the lung of influenzal 
pneum onia? Clinically, it was seen that frequently only a small rise in oxygen 

Prom the Institute of Pathology and the Biirgerspital, University ot Basel Switzerland 
land. ThlS investi " aUon was supported by a grant from the Roche Foundation, Basel, Suitzerl 
Received for publication Oct 5. 1959. 

Conn.‘ PreSent aadress: department of Pathology. Manchester Memorial Hospital. Manchester. 


79 


80 


ANDEIAL 


J. Thoracic aaj 
Cardiows.S::? 


saturation of arterial blood resulted from oxygen breathing (Herzog 2 ), and 
normal values of 95 to 97 per cent could not be obtained. Three main reasons 
could aeeoimt for this: (1) arterioles situated in the pneumonic areas would 
not contract sufficiently to prevent mixing of blood poor in oxygen with blood 
rich in oxygen; (2) the pneumonic process was too generalized and there were 
no reserves of healthy functioning lung parenchyma where oxygenation could 
take place; and (3) unsatisfactory respiratory movements. Naturally also 
combinations of the three factors would be possible. 

We have tried to find out—by studying the postmortem material in 3 
typical cases of influenzal pneumonia and comparing the findings with the 
results of blood gas analyses—whether or not there was a contraction of arteries 
in the pneumonic areas. We examined by serial sections the material from 
pneumonic areas: in Case 1, 68 sections; in Case 2, 24 sections; and, in Case 
3, 54 sections. In order to make the arteries stand out better we used, in addi¬ 
tion to hematoxylin and eosin stain, Weigert’s fuchsin elastic tissue stain. 

CASE REPORTS 

Case 1.—G. G., a 55-year-old man, had never been seriously ill before. On Oct. It 
1957, fatigue set in; the following day noisy respiration was noticed. On October 16, the 
temperature rose to 38.5° C. Ho was admitted to the hospital on October IS. Loss oi 
weight and dyspnea were apparent; rales were heard over both lung fields, and a friction 
rub over the right base was present. He was treated with penicillin, erythromycin, strepto¬ 
mycin, hydrocortisone, blood transfusions, and oxygen therapy. On October 19 (the sixth 
day of illness and 2 days before death), blood gas determination of arterial blood " a? 
performed [italics are ours]. 



Normal 

Patient 

0. capacity (vol. %) 

19.5-20.5 

20.7 

0. saturation (%) 

95-97 

38.1 

CO- content (vol. %) (plasma) 

54-57 

66.S 

pH (plasma) 

7.38-7.41 

7.38 

CO, tension (mm. Hg) 

40.0 

50.5 


Among the results, the severe arterial hypoxemia stood out, and a massive 
functional shunt was suspected. The patient died on October 21, the eighth 
day of illness, vomiting coffee-ground-like material. 

The autopsy report (S 1337-57, Professor Werthemann) [italics are ours] 
stated that there were severe confluent bronchopneumonia and interstitial 
pneumonia of both lower lobes and the left upper lobe, also isolated broncho- 
pneumonic foci of the right middle and upper lobes, total obliteration of both 
pleural cavities with fresh fibrinous pleuritis of the right lower lobe; severe, in 
part hemorrhagic tracheobronchitis. Fresh mucosal ulcerations of the first 
duodenal portion were seen also. 

The pathologic findings showed that all lung lobes were more or less in¬ 
volved by the pneumonic process. 

Sixty-eight microscopic sections taken from the diseased lung portions 
showed an almost complete obliteration of alveoli and bronchioles by inflamma¬ 
tory exudate, and marked dilatation and congestion of all blood vessels, i.e., 
capillaries, small and large veins, and arteries (Fig. 1, A, B, and C ) Of 
particular interest were the markedly distended_capiUa^ ,. the alveo]ar wall . 




All sections were stained with hematoxylin and eosin and TS'eigert’s fuchsin elastic tissue 
stains. 

Fig. l.—Case 1 . A, Three markedly distended and congested arteries with numerous 
capillaries. Alveoli are filled with exudate containing abundant numbers of neutrophils with 
many histiocytes and erythrocytes. (X70; reduced * 3 .) 

B and C, Similar histologic picture as in A. (X100; reduced t^,) 
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Summary .—A 55-year-old man became ill suddenly and died 8 days later 
with generalized bronchopneumonia. Blood gas analysis performed 2 days be¬ 
fore death showed a markedly reduced oxygen saturation of arterial blood. 
Detailed microscopic examination of the diseased lung portions showed, in 
addition to massive pneumonia, severe dilatation and congestion of lung 
arteries and arterioles. 


Case 2.— -A. S. ? a 22-year-old man, had never been seriously ill. On Nov. 16, 1957, 
cold and cough, without expectoration, and slight fever developed. In the following to - ?, 
increase of temperature, tachypnea and chest pain with respiratory movements occurred 
On November IS, he was admitted to the hospital in poor general condition, with cyanosis 
of lips and tongue. Respiration was superficial, with tachypnea, and decreased respirator' - 
sounds on both sides. The temperature was 40° C. X-ray studies of the chest shovel 
bronchopneumonic infiltrates in the right upper lobe and left upper lobe. 

Blood gas analysis of arterial blood on November 18 (on the third day of illness and 
1 day before death) follows [italics arc ours]. 


O. capacity (vol. %) 

O. saturation (%) 

O; tension (mm. Hg) 

CO. content (vol. %) (plasma) 
pH (plasma) 

CO. tension (mm. Hg) 



10 min. 
without 

20 min. 

Normal 

oxygon 

with oxygen 

10.5-20.5 

20.6 

20.7 

05-97 

81.2 

87.5 

85-95 

43.0 

— 

54-57 

48.5 

47.1 

7.38-7.41 

7.49 

7.50 

40.0 

29.5 

28.0 


The examination showed, among- other findings, a reduced oxygen satura¬ 
tion of arterial blood that increased only slightly following oxygen breathing - 
It was considered likely that a functional vascular shunt and impaired alveolo- 
capillarv diffusion of oxygen had taken place. 

The patient was treated with penicillin, streptomycin, hydrocortisone, and 
analeptic drugs. The blood pressure kept falling and the patient died in cardio¬ 
vascular collapse on November 19, the fourth day of illness. 

The autopsy report (S 1463-57 by Professor Werthemann) [italics arc 
ours] stated that there were severe confluent, hemorrhagic, in part suppurative 
bronchopneumonia of the entire left lower lobe, the right upper and lower lobes, 
fibrinous pleuritis overlying the pneumonic lung areas, terminal pulmonary 
edema, severe pseudomembranous hemorrhagic bronchitis and tracheitis. 

Virologicat examination of the involved lung revealed the presence of 
influenzal virus (A asiatica). Bacteviologic examination of the lung showed 
Staphylococcus pyogenes var. aureus. 

Microscopic examination of the lung (24 sections) displayed a massive 
obstruction of the alveolar and bronchiolar lumen by pneumonic exudate and 
a generalized severe congestion and dilatation of all blood vessels, i.e., also of the 
arterioles and capillaries. The picture was strikingly similar to that seen in 
the preceding case (Fig- 2, A, B, C, D, E). 

Summary .—A previously healthy > oong man became suddenly ill with 
influenza and died after a course of only 4 days, with bronchopneumonia of 



Fig. 2.—Case 2. A, B, C, O, and E , Marked dilatation of artery and vein. Bronchus contains 
numerous neutrophils, epithelium is in part desquamated. Alveoli are also distended and filled 
with blood. Note marked engorgement of interalveolar capillaries. (All magnified X175, 
except C which is X270 ; all reduced *&.) 
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the left lower lobe and the right upper and lower lobes. Blood gas analysis 
performed 1 day prior to death showed a diminished oxygen saturation of 
arterial blood which rose but slightly 7 following oxygen breathing and did not 
reach normal values. Microscopic examination of the diseased pulmonary 
vessels revealed, besides severe pneumonic infiltrations, a generalized congestion 
and dilatation of lung arterioles. 



Fig 1 . 2.—Cont'd. D and E, For legend see preceding page. 


Case 3.—J- M. t a 71-year-old man, a former blacksmith, had been, hospitalized a year 
previously for cirrhosis of the liver. He became ill on Nov. 18, 1957, with a fever of 39° 0. 
and cough. On November 21, cyanosis of the lips was observed. Hospital admission occurred 
on November 22; cyanosis of the tongue was then also noticed. Blood pressure was 220/100 
mm. Hg. X-ray studies of the chest showed pneumonic infiltrates of both lower lobes and 
possibly also of the right middle lobe. The patient was treated with penicillin, stroplmntin, 
and analeptic drugs. 

On November 23, the sixth day of illness and 1 day prior to death, gas analysis of 
arterial blood was performed [italics arc ours]. 
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0, capacity (vol. %) 

0, saturation ( c /c) 

0, tension (mm. 31(f) 

CO, content (vol. %) (plnMim) 
pH (plasma) 

00, tension (mni. llg) 


10 min. with* 20 min. 
Normal out oxygen with oxygen 
19.5*20.5 10.0 10.0 

95-07 S3.0 89.5 

85-05 50.4 01.5 

54-57 41.0 41.0 

7.38-7.41 7.3S 7.37 

40.0 31.0 31.5 


The examination showed among other findings a reduced oxygen satura¬ 
tion o£ arterial blood that rose slightly following oxygen breathing but. did not 
attain normal values. In spite of oxygen therapy and Chloromycetin, the 
patient become somnolent and died on November 24 with the signs of progressive 
cardiac insufficiency. 

The autopsy report (14 1400-57, Prolessor W ertliemann) j italics are ours] 
stated that there were severe hemorrhagic, in part fibrinous tracheobronchitis, 
a lobar, confluent hemorrhagic pneumonia ol the rujhi lowtr lobe; confluent 
nodular hemorrhagic, purulent bronchopneumonia ol the left lower lobe: 



2 -“7~ G ase 3 - Marked dilatation and congestion of an artery. Alveoli are filled with 
reduced i°) S Stin& of neutroplll,s and erythrocytes. Deposition of anthracotic pigment, (xllfl; 


moderate edema and severe cyanosis of both lungs. There were also obliteration 
°f the right pleural cavity, hypertrophic cirrhosis of the liver, and hypertrophy 
°f the left ventricle and stenosing coronary sclerosis. 

Microscopic examination of the diseased lung portions (54 sections) showed 
similar to the previous cases—an almost complete obstruction of the alveolar 
ana bronchial lumen by exudate, blood, and edema fluid and a generalized severe 
1 Nation and congestion of all blood vessels, including lung arterioles (Pig. 3). 

Summary, —A 71-year-old man witli cirrhosis of the liver became ill sud- 
j enly Wltb influenza and died 7 days later with lobar pneumonia of the 'right 
ower lobe and bronchopneumonia of the left lower lobe. Blood gas analysis 

bio !Tfv. ed 1 day before death displayed a reduced oxygen saturation of arterial 
oct that rose little following oxygen breathing but did not reach the normal 
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value. Microscopic examination of the diseased lung portions showed obliteration 
of alveolar and broncliiolar liunen by exudate and edema fluid and generalized 
congestion and dilatation of all blood vessels. 

discussion 

The microscopic picture of influenzal pneumonia is characterized in all the 
cases by a massive infiltration and obstruction of the respiratory passages by 
exudate with many polymorphonuclear leukocytes, fibrin, many erythrocytes, 
and edema fluid. The blood vessels are engorged with blood and are markedly 
distended. 

It is a well-known fact that an acute inflammation of vascular organs is 
followed by dilatation and congestion of local blood vessels as shown clinically 
by the signs of hyperemia and swelling. The cardinal symptoms of Celsus, i.e., 
rubor, tumor, calor, and dolor, point to this fact. In an acute inflammatory 
process in the lung tliis organ does not act otherwise and hvperemic congestion 
and dilatation are easy to see. However, these are autopsy findings in a full¬ 
blown inflammation and it is not altogether admissible to draw conclusions from 
these findings regarding vascular reaction in the early stages of the illness. 

In the present investigation we have been mainly interested in correlating 
the clinical finding's made in the light of blood gas analyses and the pathologic 
findings after death. The cases just described have several things in common: 
the stormy course of the illness that takes them all ad exitum within 8 days in 
spite of their various ages (22, 55, and 71 years, respectively,) and the veri¬ 
similar pathologic findings of influenzal pneumonia. The blood gas analyses 
were performed in every case 1 or 2 days before death. 

When examining the oxygen saturation rates of arterial blood, one is struck 
by the unusually low value in Case 1-38.1 per cent (normal value 95 to 97 per 
cent). It is likely that the generalized pneumonia involving all lung lobes ivbs 
instrumental in reducing the oxygen saturation to such an abnormal level. 

In Cases 2 and 3, the oxygen saturation levels were similar, i.e., S1.2 per 
cent and 83.0 per cent, respectively. This saturation was slightly increased 
further by breathing pure oxygen. In these 2 cases not all of the lung portions 
were involved by pneumonic infiltrates as it had been in Case 1, and this may 
explain in part the different findings in these two groups of cases. 

A question that remains unanswered in the present, investigation is whether 
pulmonary arterioles contract in the early phases of influenzal pneumonia and 
thus possibly- prevent a functional shunt, an arteriovenous anastomosis. 

The experiments of von Euler and Liljestrand 3,5> 0 who administered air 
poor in oxygen or rich in carbon dioxide were carried out on animals and 
human beings whose lungs very likely were not subject to an acute inflammatory- 
process. It is therefore quite possible that lung arterioles in man react to 
oxygen lack by contracting and that, in such a way, blood is channeled into 
better aerated lung areas. However, if a massive acute inflammatory process 
takes place, such as influenzal pneumonia, this mechanism of purposeful blood 
distribution is probably abolished, the arterioles dilate in order to accommodate 
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the increased blood volume attracted by the inflammatory reaction. A vascular 
reaction similar to that seen in influenza is equally observed in other types of 
acute pneumonia. Fig. 4 shows a microphotograph of a ease of noninfluenzal 
bronchopneumonia. Like in influenza, an obvious dilatation .and congestion 
of arteries and veins surrounded by inflammatory exudate in the a 1 \eoli and 
bronchioles is displayed. 

Occasionally, blood supply to the diseased lung will be diminished not by 
arterial contraction but as a result of vascular thrombosis. Now and then we 
have seen such thrombotic occlusions in influenzal pneumonia especially in the 
chronic cases. These thromboses are—ol coui'sc solely lrom the standpoint ot 
tr as exchance in the lung—useful and cause the blood stream to be diverted to 
noninvolved lung areas. 



Fl ? V—Nonerippal pneumonia Dilated and conpested arterj and \em Al\eoh filled with 

esudate. CX 100 . reduced >-,) 

Remarks Regarding Oxygen Thcra]}y of Patients Ill With Influenzal 
Pneumonia. —If a blood analysis shows that oxygen saturation of arterial blood 
is lower than normal, and if oxygen breathing does not raise it to normal values 
or does not affect it at all. it may be assumed that the gas exchange in the lung 
has been considerably impaired provided, however, that this did not occur as a 
result of lowered hemoglobin-oxygen binding capacity as for example in anemia 
(this would be characterized by a diminished oxygen capacity of arterial blood) 

or of poor respiratory movements, failure of the heart pump or of the respiratory 
center. 

Oxygen respiration is frequently a lifesaving measure in many of the above 
conditions but fails if for anatomic reasons it is not possible to bring about a 
gas exchange in the lungs; an example of such a condition can be found in the 
acute influenzal pneumonia as we have shown it in three examples. Here the 
extent of inflammation is of course all important. If. as in Case 1, the inflam¬ 
matory reaction almost completely involves both Lungs, it becomes difficult to 
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hope that the oxygen level of arterial blood will rise significantly or even reaeli 
normal values as a result of oxygen breathing, since the oxygen is not able to 
penetrate into alveolar capillaries because of a mechanical blocking of the 
alveoli. 

A more logical therapeutic approach to these conditions, characterized by 
a low arterial oxygen saturation not responding to oxygen breathing, would 
consist in oxygenizing blood directly instead of trying to have oxygen cross the 
blocked alveolo-capillarv barrier in order to combine with the hemoglobin of 
capillary blood. 

Already in 1882, von Schroder 7 had tried to oxygenize venous blood flowing 
through isolated organs. A modem method of oxygenization of venous blood 
was first suggested by Lillehei, DeWall and co-workers. 6 ’ 9 Its use in operations 
on the heart and lungs is well established today. Oxygenization of venous 
blood is carried out in an oxygenator in which oxygen is mixed with venous 
blood in a special chamber; another important component of this machine is a 
debubbling device serving to remove the numerous gas bubbles from oxygenized 
blood to prevent gas embolism. 

The main field of application of these oxygenators is naturally in head 
surgery where they replace the heart and lung functions during the surgical 
intervention. In the present eases the problem consists in replacing only the 
function of the lung in the gas exchange, i.e., in the oxygenization of venous 
blood. 

The technique of an artificial oxygenization of venous blood will have to be 
tried out, of course, in animal experiments. The duration of oxygen trans¬ 
fusion is limited to a large degree by hemolysis that occurs during such a 
procedure; moreover, changes in pH and electrolytes of blood occur and have 
to be corrected. Furthermore, one of the main technical problems of an 
oxygenator is still a quantitative prevention of gas bubble formation and gas 
embolism. 

If these technical problems could be reduced and eliminated then, in the 
uncomplicated ease, blood could be removed from a vein and run through an 
oxygenator; the oxygenized blood would then be transfused into another vein 
from which it would reach the heart and flow through the diseased lungs, 
circulate in the arteries, and again return to the vein going to the oxygenator. 
It seems that such a procedure, if the technical problems could be mastered, 
might not be much more complicated than an ordinary blood transfusion. 

The above remarks represents merely a therapeutical suggestion that we are 
advancing very humbly being aware of the technical problems involved. How¬ 
ever. if it were possible to carry out such an artificial oxygenization of venous 
blood with a simple oxygenator, for a significant length of time without the 
risk of eras embolism, hemolysis, significant changes in the level of plasma ion 
concentrations, and the pH of blood, then we would have a new important 
therapeutical tool with the help of which the 3 patients just reported might 
have been saved. 
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Obviously, the method of artificial oxygenizaiion of blood could be applied 
in many other conditions characterized by a partial or complete loss of lung 
function, such as generalized lung edema, lungs in drowning, trauma of the 
thorax, and traumatic lung injuries. 

SUMMARY 

An attempt is being made to correlate the low oxygen saturation levels of 
arterial blood in 3 patients dying of influenzal pneumonia with the microscopic 
findings in their lungs. No vascular contraction—as expected on the basis of 
experiments done by von Euler and Liljestrand—was seen in the diseased lung 
areas. 

In cases where oxygen breathing is followed by no rise or only a small rise 
of oxygen saturation levels in the arterial blood, artificial oxygenation of venous 
blood by means of an oxygenator is suggested as the logical treatment. 

I wish to thank Professor Wcrthemann for allowing me to study autopsy protocols 
and autopsy material relative to this study, Professor Staub for permission to study and 
use parts of the case histories, and Dr. Herzog for suggestions regarding blood gas analysis. 
Microphotographs were made by Mr. Sutter. 
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BILATERAL INFERIOR DEEP CERVICAL (SCALENE FAT PAD) 
AND PARATRACHEAL LYMPH NODE BIOPSIES 

Alfred H. F. Ltd, M.D.* Wayne W. Glas, M.D.* and 
Eugene H. Lansing, M.D., Eloise, Mich. 


B iopsy of the inferior deep cervical lymph nodes, as advocated by Daniels 1 in 
1949, lias proved to be a worthwhile procedure in the diagnosis of intra- 
thoracic diseases. This operation is usually performed on one side and consists 
of a partial excision of the scalene fat pad with its associated inferior deep 
cervical lymph nodes. Steele and Mar able 2 have described an excellent method 
of removing the paratracheal and inferior deep cervical lymph nodes on one 
side through an incision along the anterior border of the sternocleidomastoidens 
muscle. We have extended this procedure and at present it is our policy to 
perform bilateral inferior deep cervical and paratracheal lymph node biopsies 
through a single incision. 


TECHNIQUE 


The patient is placed in the supine position and the neck is extended by 
placing a folded sheet beneath the shoulders. With the surgeon on the left side, 
a transverse incision is made about 3 cm. above the suprasternal notch (Fig. h 
1). The ends of this incision should be located slightly lateral to the anterior 
border of each sternocleidomastoideus muscle. The incision is extended through 
the platysma muscle and the upper and lower flaps are undermined in the sub- 
platysmal plane. The investing layer of the deep cervical fascia is incised verti¬ 
cally in the midline avoiding the anterior jugular veins and the jugular venous 
arch (Fig. 1, 2). The sternohyoid and sternothyroid muscles are retracted 
laterally to expose the pretracheal layer of the deep cervical fascia. This fascia 
is incised vertically in the midline avoiding the underhung inferior thyroid 
veins and exposing the trachea in the superior mediastinum (Fig. 1, 3) . Lymph 
nodes with their accompanying adipose tissue from the right and left para¬ 
tracheal areas are dissected free and removed. 

The right scalene fat pad with its associated inferior deep cervical lymph 
nodes is partly excised by removing its medial and inferior portions which are 
adjacent to the internal jugular and subclavian veins. This is accomplished by 
retracting the sternocleidomastoideus muscle anteriorly and laterally after the 
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investing layer of the deep cervical fascia along its anterior border has been 
incised for a short distance. The sternohyoid and sternothyroid muscles are 
retracted medially. The pretracheal fascia, forming the anterior portion of the 
carotid sheath, is incised longitudinally exposing the internal jugular vein winch 
is retracted medially (Fig. 1, J). The scalene fat pad is palpated autciioi to 
the scalenus amicus muscle in the subclavian triangle. The scalene fat pad is 
dissected off the prcvertebral fascia covering the scalenus antieus muscle thus 



Eig. 1.— 1 , Transverse skin incision for bilateral inferior deep cervical and paratracheal 
lymph node biopsies. 

Vertical midline incision through the investing layer of the deep cervical fascia- 

5, Vertical midline incision through the pretracheal fascia exposing the trachea. 

4 , Exposure of the right scalene fat pad obtained by retracting the sternocleidomastoideus 
muscle anteriorly and laterally, and the internal jugular vein medially. 

5 Exposure of the right scalenus antieus muscle with its overlying phrenic nerve after 
the scalene fat pad has been removed. 

exposing the phrenic nerve (Fig. 1, 5). It is also dissected off the proximal por¬ 
tions of the internal jugular and subclavian veins. The inferiomedial portion 
of the scalene fat pad with its associated inferior deep cervical lymph nodes is 
then excised. 

The surgeon now moves to the right side of the table and the left scalene 
fat pad is removed in a similar manner. Particular care is exercised to prevent 
injury to the thoracic duct. Lymph nodes from the four different areas of bi¬ 
opsy are placed in separate specimen jars. After complete hemostasis is obtained 
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in all four areas of biopsy, the investing layer of the deep cervical fascia is ap¬ 
proximated in the midline by interrupted sutures. The skin flaps, including the 
platysma muscle, are approximated with one layer of interrupted sutures placed 
so that the knots are buried in the subplatysmal plane. The superficial poition 
of these sutures is located in a subcuticular position and no skin sutures aie 
used. A pressure dressing completes the procedure. 

SUMMARY 

A method of biopsy in which both the right and left inferior deep cervical 
and paratracheal lymph nodes are removed through a single incision is de¬ 
scribed. This eliminates a second biopsy through a separate incision on the op¬ 
posite side. We believe that a greater number of positive diagnoses will be 
made when both right and left inferior deep cervical and paratracheal lymph 
nodes are biopsied routinely. 
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SURGICAL RESECTION IN PULMONARY TUBERCULOSIS DUE 
TO ATYPICAL MYCOBACTERIUM TUBERCULOSIS 

Raymond F. Corpe, ALD..* and Joseph Liang. Al.D..** Rome, Ga. 

E xperience with over ISO coses of atypical pulmonary tuberculosis, treated 
with conventional nntituberculosis drug therapy at Battev State Hospital, 
has shown the conversion rate to be about 22 per cent. In typical tuberculosis, 
the conversion rate is about 90 per cent after 6 months of drug therapy. In 
atypical tuberculosis, the great shortcomings of this medical approach have led 
us to continue excisional surgery in selected cases. Our experience would indi¬ 
cate that resection can be done with a low morbidity and a reasonably low mor¬ 
tality with resultant high sputum conversion in well-chosen cases and affords 
reasonably good results in the long-term tenure. 

MATERIALS AND METHODS 

From .Jan. 1, 1950. to the end of April, 1959. 25 patients with atypical 
tuberculosis were subjected to pulmonary resection. Of the 23 white patients. 
IS were male and 5 were female. The 2 Negro patients were male. Twelve pa¬ 
tients subjected to resection were in their forties-. 6 were in their thirties; 5 
were in their fifties; and the youngest patient was 2S and the oldest 67 years 
of age. 

According to the classification of the National Tuberculosis Association, the 
disease was minimal in 1 case, moderately advanced in 13. and far advanced in 
the remaining 10 cases. 

On admission bacteriologic studies. 16 of the patients were positive by both 
direct smear and culture and 9 were negative on direct smear but positive on 
culture. Using Runyon’s classification. 1 22 of the positive cultures were non- 
photochroniogenies (Group III-Battev type). In 2 patients, there were photo- 
chromogenic strains (Group I). and in 1 there was a scotochromogenic strain 
(Group II). 

As soon as a working diagnosis of pulmonary tuberculosis was established. 
24 of the 25 patients were placed on antituberculous drug therapy. Twelve of 
these patients received isonicotinic acid hydrazide (INH) and para-aminosali¬ 
cylic acid (PAS), 9 received INH, streptomycin, and PAS, 3 received strepto- 
mycin and PAS, and 1 patient received INH. streptomycin, PAS, and Daliein 
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in the preoperative period. Additional chemotlierapy was used in the post¬ 
operative period. Ten of the 12 patients having had INII and PAS received 
streptomycin in the postoperative period. Another patient who received INH 
and PAS had pyrazinamide (PZA) added in the postsurgical period. There 
was 1 patient who received no drug therapy before or after surgery. 

Two patients had no sensitivity studies done prior to surgery. Of the 23 
patients who did have, 23 were completely resistant to isoniazid, and 13 of these 
23 were totally resistant to streptomycin-5 were partially sensitive, and 5 were 
completely sensitive to streptomycin on the last studies done prior to surgery, 

Four of the 25 patients had negative sputum studies at the time of surgery; 
1 patient had been negative for 3 months, 2 for 5 months, and 1 for 10 months. 
Of the remaining 21 patients, 2 were intermittently positive and 19 had never 
had negative cultures. 

Twenty-three of these patients had preoperative bronchoscopies. One had 
a partial stenosis of the right upper lobe bronchus. One patient had severe 
endobronchitis which required postponement of surgery for 2 months until the 
inflammatory process had subsided under treatment. Resection was then suc¬ 
cessfully performed. Five of these patients had bronchograms. One revealed 
extensive bronchiectasis of the left lung and this patient eventually had a left 
pneumonectomy. 

Twenty of the 25 patients were operated upon for open cavities plus posi¬ 
tive sputum. One patient had an open cavity and a negative sputum, 1 pa¬ 
tient had residual fibrocaseous disease and a positive sputum, 3 patients had 
residual fibrocaseous disease with a negative sputum. 

There were 26 resections performed on these 25 patients (Table I). One 
patient had a right upper lobectomy first followed 20 days later by a segmcntcc- 
tomy by the removal of the upper division of the left upper lobe. 


Table I. Surgical Procedures 


PROCEDURES 

NO. 

WITHOUT 

COMPLICATION 

WITH 

COMPLICATION 

death 

Subsegmentcctomy 

4 

3 

l 


Segmcntectomy 

7 

G 

t 


Lobectomy, alone 

10 

9 

3* 

i 

Lobectomy, plus 

3 

1 

2* 

2 

Pneumonectomy 

2 

2 

0 


Total 

20 

21 

5 

3 


•In these cases, the complications >\ere followed by death. 


morbidity and mortality 

The patient who had bilateral resections had an uncomplicated course fol¬ 
lowing each resection. Five patients (20 per cent) had postoperative complica¬ 
tions (Table II). One of the 4 subsegmcntal resections was followed by a 
bronchopleural fistula which required post-resection thoracoplasty. One of th G 
7 segmental resections was also complicated by a bronchopleural fistula and 
residual space problem that required a post-resection thoracoplasty. There were 
no deaths in the 11 patients who had small resections. 
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Table II. Morbidity and Mortality Dun to Surgical Complication 




1 

ROSTOV. SCUTUM 

PROCEDURES 

COMPLICATION 

MORTALITY* j 

STATUS 

1. Subsegiuentectomy, 
apical posterior seg¬ 
ment, LUL, with post¬ 
resection thoracoplasty 

Bronchopleural fis¬ 
tula and residual 
space 


Sputum converted 

2S months after 
surgery 

2. Scgmentectomy, apical 
posterior segment, 

RUL, with post-resec¬ 
tion thoracoplasty 

Bronchopleural fis¬ 
tula and residual 
space 


Sputum converted 
following surgery 

3. RUL lobectomy plus 
segmentectomy, su¬ 
perior segment, RLL 

Pneumonia 

Lied of pneumonia 
on seventh postop. 
day 


4. RUL and RML lobec¬ 
tomies plus wedge of 
superior segment, RLL, 
with post-resection 
thoracoplasty 

Bronchopleural fis¬ 
tula and residual 
space 

Lied of pulmonary 
insufficiency on 
fourth postop. day 


5. RUL lobectomy 

Pulmonary insuf¬ 
ficiency 

Lied of hypoxia, 

4S hours 


Total 


5 Cases 



Of the 10 patients who had lobectomy only, 9 had no complications. One 
patient died of pulmonary insufficiency 4S horn’s after a right upper lobectomy. 
There were 3 patients who had lobectomies plus removal of other lung tissue, 
and 2 of these procedures were accompanied by complications which led to 
death. One was a 67-year-old white woman who had a right upper and a right 
middle lobectomy plus removal of a wedge from the lower lobe. There was not 
enough tissue to adequately fill the pleural space and a post-resection thoraco¬ 
plasty was performed 3 weeks after the resection. Following this, the patient 
died of pulmonary insufficiency on the fifth postoperative day. Another pa¬ 
tient, having had a right upper lobectomy plus a superior segmental resection 
of the superior division of the right lower lobe, died on the seventh postopera¬ 
tive day of pneumonia and atelectasis on the operative side, which was revealed 
at autopsy. There were 2 patients who had pneumonectomies and both had 
uncomplicated courses post operatively. The surgical mortality rate, therefore, 
was 12 per cent. 

Pathologic and bacteriologic studies of the surgical specimens revealed 2 
surgical specimens negative on direct smear and culture. Twenty-four of the 
26 surgical specimens had positive direct smears and, of these, 18 were positive 
on culture. According to C. Edwin Smith, Battev Laboratory Director, these 
cultures were the same in each case as had been isolated preoperativelv from 
each individual. Dr. I. Stergus, Pathologist at Battey State Hospital, says that 
Pathologically, these lesions are indistinguishable from those of typical tuber¬ 
culosis, grossly and microscopically.” 


results 


Pour of the 25 patients had negative sputum at the time of surgerv which 
remained consistently negative following surgery. Of these 4 patients who had 
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negative sputum, 1 had an open cavity and the other 3 had residual fibrocaseous 
disease. Whether or not the sputum of these 4 patients would have remained 
negative without surgery cannot he stated, but we count these 4 patients as 
combined medical-surgical treatment successes. 

The sputum was positive in 21 patients at the time of surgery. In 14 cases, 
it converted immediately following surgery and has remained negative. YYc 
consider these 14 successes primarily attributable to surgery. There were 3 
more patients wlio had cavitary disease with positive sputum at tire time of 
surgery which did not convert immediately following surgery. The sputum 
of 1 patient converted within 3 months with new chemotherapy and in the other 

2 converted after longer periods of chemotherapy. These successes are also 
attributed to combined surgical-medical therapy. Our failures are limited to 

3 patients who died as a result of their surgery. We believe that 22 of the 2o 
patients, or 88 per cent, who are now alive and until negative sputum, arc 
treatment successes with the main credit being given to the addition of surgical 
therapy (Table III). 


Table III. Sputum Status Following Surgery 


1 

NO. 

| PER CENT 

Negative before and after surgery 

4 

16 

Positive prior to surgery and negative thereafter 

14 

66 

Positive prior to surgery and after surgery but 
still converted subsequently 

4 

16 

Positive prior to surgery and died as a result of 
surgery 

3 

12 

Total 

25 



DISCUSSION 

In judging surgical therapy, one has to weigh the risk of surgery against 
the risk the patient must take without this treatment. In the group of patients 
at Battey State Hospital with atypical tuberculosis, only 20 per cent have been 
treated successfully by chemotherapy alone. In this small group of 25 patients 
treated by surgery and chemotherapy, 88 per cent have been treated success¬ 
fully. It is our belief that patients who are surgical candidates should be sub¬ 
jected to resection as soon as possible. We have not attempted to reach a 
target point of negativity in this group. 

The surgical mortality rate was 12 per cent. Up to the present time, there 
have been 31 deaths in the 155 patients treated medically, for a mortality rate 
of 20 per cent. In this medically treated group, 8 patients have died of atypical 
pulmonary tuberculosis, 7 have died of cardiac disease, and 13 have died of 
pulmonary tuberculosis and cardiac failure. 

In a previous publication, 2 we suggested that resections of less than a lobe 
were unsatisfactory. With a somewhat larger experience, we found a complica¬ 
tion rate of 20 per cent in resections of loss than a lobe, and there were no 
deaths in this group. Although bronchopleural fistulas are serious complica¬ 
tions, they are amenable to post-resection thoracoplasties. We believe that 
smaller resections may be used wherever indicated. 
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The deaths in our group of patients followed lobectomy plus segmental 
resection and/or wedge resections. Two of these three deaths might have been 
averted. The patient who had had a right upper and right middle lobectomy 
plus a wedge resection of the superior segment of the right lower lobe could 
have been treated better by a pre-resection thoracoplasty and then completion 
of the thoracoplasty and tailoring of her chest to fit the remaining lung tissue 
at the time of the resection. The patient who died from pulmonary insufficiency 
following a right upper lobectomy might not. have been subjected to surgery 
if a more detailed preoperative pulmonary function evaluation had been made. 

SUMMARY 

1. Twenty-two of 25 cases of atypical tuberculosis are alive and well fol¬ 
lowing combined surgical-medical therapy. 

2. The morbidity rate was 20 per cent. Three patients had bronchopleural 
fistulas, 2 of whom were successfully treated by post-resection thoracoplasty. 

3. There were 3 postoperative deaths. 

4. Early resection is advocated in suitable candidates. 

5. Resections of less than a lobe are also advocated when indicated. 
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THE DEVELOPMENT OF BRONCHOGENIC CARCINOMA 
IN PATIENTS WITH PULMONARY TUBERCULOSIS 

Roger E. Campbell, M.D., and Felix A. Hughes, Jr., M.D., 

Memphis, Tenn. 

T here has been considerable discussion in the past concerning the simultaneous 
occurrence of pulmonary tuberculosis and bronchogenic carcinoma. 1 ' 4 Re¬ 
cent interest in this problem reflects the presumption that the incidence of 
bronchogenic carcinoma may be higher in patients with pulmonary tuberculosis 
than in the general population. This led us to review and analyze the 11,000 
cases of pulmonary tuberculosis and 650 cases of bronchogenic carcinoma seen 
at Kennedy Hospital between the years 1947 and 1958. 

During this 10-year period, 24 patients until proved pulmonaiy tuberculosis 
and bronchogenic carcinoma were seen. Active pulmonary tuberculosis un¬ 
questionably existed prior to the onset of the carcinoma in 10 patients, while 
active pulmonaiy tuberculosis was present when the carcinoma was discovered 
in 14 patients. Activity is considered real when two or more positive cultures 
for acid-fast bacilli are established. 

Three additional patients with bronchogenic carcinoma were eliminated 
from this series. There was 1 patient with a single positive culture and Id 
negative cultures. The second patient had three positive smears, but no positive 
cultures. The third patient was dropped, even though areas of active tuber¬ 
culosis were found at postmortem, because smears and cultures of his sputa 
were not obtained. 

Age .—Ages of these 24 patients ranged from 31 years to 68 years with a 
mean age of 58 years. Those with active tuberculosis had a mean age of 54 
years, as compared to a mean age of 62 for those classified as having inactive 
disease. 

Sex and Race .—Of the 24 patients, 22 were white males and 2 were Negro 
males. These figures do not represent actual age and race incidence, because 
the hospital population is overwhelmingly male. 

Site of the Bronchogenic Carcinoma .—Bronchogenic carcinoma and tuber¬ 
culosis occurred in the same lung in 19 patients. In 16 cases (66 per cent), the 
two diseases occurred in the same lobe. The carcinoma developed in a site other 

From the Thoracic Surgery, Section. Surgical Service, Veterans Administration Medical 
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than that involved by tuberculosis in S patients. In 5 of these patients the 
disease had been considered inactive from 2 to 16 years, and active in 3 patients. 

Duration of Tuberculosis—Six patients with active pulmonary tuberculosis 
were found to have coexisting bronchogenic carcinoma within 6 months after 
the establishment of the diagnosis of tuberculosis. Another G patients were 
found to have carcinoma 1 to 10 years after the diagnosis of active tuberculosis 
was established. Two patients had had active disease for more than 10 years 
at the time that the carcinoma was discovered. All of the patients with inactive 
tuberculosis had been considered inactive for 2 to 10 years when the bronchogenic 
carcinoma was found. 

Diagnostic Aids .—•Bronchoscopy and cytology were utilized in 16 patients. 
Bronchoscopically, a positive biopsy was obtained in 4 patients (25 per cent), 
visual evidence of tumor without biopsy was seen in 5 patients (31 per cent), 
and a negative examination was present in 7 patients (44 per cent). Suspicious 
cytology was present in 2 patients (12 per cent), positive cytology in 5 patients 
(31 per cent), and negative cytology in 9 patients (56 per cent). 

Diagnosis. —The diagnosis of bronchogenic carcinoma presents many diffi¬ 
culties in patients with pulmonary tuberculosis. 5 The infection usually dom¬ 
inates the clinical picture so that neoplasm is frequently overlooked for varying 
periods of time. active tuberculosis was present, the earliest diagnosis 

of coexistent bronchogenic carcinoma was made in 4 patients after 3 months of 
hospitalization and antituberculosis chemotherapy; in 1 patient after G months; 
in 7 patients after 1 or more years of hospitalization and treatment. The diag¬ 
nosis was more rapidly made in the group with inactive disease. 

A diagnosis of carcinoma was never made during life in 3 patients. These 
3 patients were hospitalized 4 months, 8 months, and 12 months, respectively. 
All patients had x-ray studies at regular intervals (at least once a month). 
Two patients had active tuberculosis and in a third patient the disease was 
considered to be inactive. 

Treatment. —Seven patients were subjected to exploratory thoracotomy. 
In 6 of these, the neoplasms were resected, three by pneumonectomy and three 
by lobectomy. Two of the pneumonectomy patients and one of the lobectomy 
patients received ancillary treatment in the form of radiation therapy or nitro¬ 
gen mustard, and 1 patient received both nitrogen mustard and radiation 
therapy. 

Results. —All patients except 1 are now dead. The survivor had a right 
upper lobectomy for alveolar cell carcinoma on Sept. 24, 1956. Only 2 other 
patients lived longer than 10 months after the diagnosis of earcinoma was 
established. Both of these patients died 15 months after treatment. 

discussion 

Prom postmortem examinations of tuberculosis patients, Gerstl and his 
associates 0 found bronchogenic carcinoma in 0.44 per cent, while Bobbins and 
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Silverman 7 reported an incidence of 1.5 per cent. Bronchogenic carcinoma has 
been found in 0.38 per cent of the patients with active tuberculosis seen during 
the past 8 years at the Mississippi State Sanatorium. 8 The series reported here 
represents an incidence of 0.2 per cent. This is 20 times greater than the 
incidence reported in the general population and is comparable to that reported 
for heavy smokers as described by Pack and Ariel. 9 The autopsy incidence 
reported in 1946 by Gerstl 6 was 0.44 per cent, while the incidence reported for 
the general population was only 0.0058 per cent. These figures denote a higher 
bronchogenic carcinoma rate in patients with pulmonary tuberculosis. Inasmuch 
as tuberculosis presently tends to appear more frequently in the older patients 
(over the age 45), these two diseases can be expected to occur together more 
frequently in the future. 10 ’ 11 

Since the therapeutic results in this series were extremely poor, a search 
of the clinical records and x-ray films was made to ascertain if there were any 
clinical or radiologic evidences which would have permitted earlier recognition 
of the malignancy. 

Some of the following clinical and radiologic findings should make one 
suspicious of a possible coexistent neoplasm in tuberculosis patients: (1) if> Mt er 
a reasonable trial of antituberculosis chemotherapy, there is no improvement 
of the patient’s general and radiologic status, (2) enlargement of the liilar area, 
especially if unilateral, 12 ’ 13 (3) atelectasis of a lobe or segment of the lung, 1 ” 
(4) solitary nodular density, especially if it is in the lower lobes and has a 
fuzzy border, and (5) cavities with a thick, irregular Avail and a poorly visual¬ 
ized, eccentrically placed, radiolucent central area. 

SUMMARY 

1. A study of case histories of 11,000 patients Avith tuberculosis and G50 
patients Avith bronchogenic carcinoma Avas made in an attempt to establish the 
relative incidence of the coexistence of these tAvo disease processes in the same 
patient. 

2. The findings indicate that this combination of diseases occurs 20 times 
more frequently in the patient Avith tuberculosis than in the patient from the 
general population. 

3. The study suggests that this incidence may increase as the age of the 
tuberculous patient becomes older. 

4. All male patients Avith tuberculosis over the age of 45 should be studied 
frequently by clinical and radiologic examinations in the quest for location of 
the malignant lesion, in addition to the infection. Any suspicion should then 
invoke a complete investigation to prove the existence or nonexistence of the 
tAvo lesions. 
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BILATERAL SIMULTANEOUS SQUAMOUS CELL 
CARCINOMA OF THE LUNG 

Clarence 1. Britt, M.D., A. J. Christoforidis, M.D., and 
Neil C. Andrews, M.D., Columbus, Ohio 


C arcinoma of the lung is one of the most common tumors of the adult male. 

The occurrence of bilateral simultaneous primary squamous cell carcinoma 
arising from major bronchi in a living patient is unknown. 1 Individual cases 
have been reported in which pulmonary resection was carried out for carcinoma 
of the lung and years later a malignancy was found in the other lung. 2 Cases 
have been reported in which carcinoma in situ, a suspected precursor of cancer 
of the lung, has been found in areas of the same or the opposite lung after pul¬ 
monary resection for frankly invasive carcinoma. 3 ’ 4 The presence of squamous 
cell carcinoma in one lung and a small cell or oat cell carcinoma in the opposite 
lung has been reported. 1 In all of these cases the diagnosis of bilateral pul¬ 
monary malignancy was made partially, if not completely, on the basis of 
pathologic examination of the resected specimen and examination of autopsy 
material. A diagnosis of bilateral simultaneous primary squamous cell car¬ 
cinoma of the lung in a living patient has not been reported in the literature. 


CASE REPORT 


A 60-year-old white male laborer (I. C. H.) developed a cough productive of yellov- 
white sputum 3 years prior to admission to the hospital. Fifteen months before hos¬ 
pitalization he developed a cold, pleuritic pain, fever, chills, night sweats and had an 
increase in cough and sputum. These symptoms subsided in 2 weeks but anorexia per¬ 
sisted. Six months before hospitalization the patient first noted the onset of exertional 
dyspnea and the recurrence of cough with yellow-white sputum. Three months later he 
developed intermittent fever, increasing anorexia, constipation, weakness, and had a 
10-pound weight loss. These symptoms progressed and 1 month before admission x-ra) 
studies of the chest demonstrated bilateral apical “exudative” pulmonary disease. Sputum 
examinations were negative for acid-fast bacilli but the roentgenogram was so suggestivo 
of pulmonary tuberculosis that he was admitted to the Ohio Tuberculosis Hospital for 
diagnosis and treatment, 

A roentgenogram of the chest made 7 years prior to admission was reported as 
normal. The patient smoked one package of cigarettes per day, was treated for syphilis 
in 1952, and had a 10-year history of alcoholism requiring hospitalization on three oc¬ 
casions. He denied alcoholic intake for the previous 3 years. 


From the Ohio Tuberculosis Hospital; the Division of Thoracic Surgery. Department of 
Surgery; and the Department of Radiology, the Ohio State University Health Center, Columbus, 
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The patient was a well-developed white man with normal vital signs, who appeared 
chronically ill. There were normal breath sounds over both lung fields and no rules were 
heard. The liver was firm, nodular, nontender, and enlarged 2 fingerbreadths belon the 
right costal margin. The prostate was enlarged, soft, and nontender on rectal examina¬ 
tion. The remainder of the physical examination was within normal limits. 

Admission hemoglobin was 11.2 Gm. per cent, hematocrit 39 per cent, white blood 
cell count G,S50 cells per cubic millimeter with a normal differential. Urinalysis and 
blood chemistries were normal. Histoplasmosis skin test was positive 20 by 20 mm. 
PPD No. 1, intermediate, PPP No. 2 and old tuberculin skin tests for tuberculosis were 
negative. Serologic test was positive for syphilis. Sputum smears and cultures for 
tuberculosis were negative. 



L 


I i,r - —Note the bilateral hilar lymph node enlargement, the soft tissue mass above the right 
hilum, and linear atelectatic changes in both infraclavicular areas. 

The pre-admission chest roentgenogram on Nov. 20, 195S, demonstrated a soft tissue 
mass in the right infraclavicular area adjacent to the hilum. Linear and nodular in- 
fdtrations were present in both upper lobes. Both hila showed lymph node enlargement. 
Additional findings were aortic arch calcification, healed fractures of the left sixth and 
seventh ribs, and left pleurodiaphragmatie adhesions. A roentgenogram of the chest on 
-Tan. 7, 1959, showed the previously described infiltrations in the infraclavicular regions 
of both upper lung fields (Fig. 1). The soft tissue mass adjacent to the right hilar area 
was again noted, with bilateral lymph node enlargement, but with no evidence of cavita¬ 
tion. 

A bronchoscopy on Jan. 14, 1959, showed the left lower lobe bronchus and its seg¬ 
mental bronchi to be normal. The left upper lobe bronchus appeared normal for 1 cm. 
'' 1Cn % ’ isua lized through a right angle telescope. The right lower lobe and middle lobe 
ronchi were also normal. Thick green purulent secretions were seen obstructing the 
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anterior segmental bronchus of the right upper lobe bronchus. Aspiration of this ma¬ 
terial did not result in complete clearing of the area of obstruction. A biopsy from the 
right upper lobe Carina was reported to be normal bronchial tissue with squamous meta¬ 
plasia. Biopsy of the left upper lobe Carina showed slight chronic nonspecific bronchitis. 
Culture of the aspirate was negative for acid-fast bacilli but a moderate growth of 
hemolytic Staphylococcus albus and streptococci was obtained. 

A bilateral bronchogram on Jan. 22, 1959, demonstrated obstruction of the posterior 
and anterior segments of the right upper lobe with partial atelectasis corresponding to the 
obstructed segments (Fig. 2, A). The apical segment of the right upper lobe and the seg¬ 
mental bronchi of the right middle and lower lobes were well outlined. On the left side 
there was complete obstruction of the left upper lobe bronchus, including the lingula (Fig. 
2, B). All bronchi of the left lower lobe were well visualized. Other changes in both lung 



A. b. 

Fig. 2.— A, BroncliofiTam of the rig-lit side shows obstruction of the posterior and anterior 
segments of the right upper lobe. Only the apical segment is patent. B, Note the complete 
obstruction of the left upper lobe bronchus (arrow). 

fields were compatible with chronic bronchitis and emphysema. A repeat bronchogram was 
performed following bronclioscopic aspiration of mucus plugs and aerosol therapy to ru ^ c 
out the possibility of tumor. The same areas of bronchial obstruction were demonstrated 
which indicated probable bilateral bronchogenic tumors. 

On Feb. 2, 1959, a second bronchoscopy was performed to obtain bronchial secretions 
for cytologic examination. The right upper lobe segmental bronchi were successfully aspirated 
and an intrabronchial lesion could not be demonstrated. The left main bronchus was nar¬ 
rowed and edematous. The left upper lobe bronchus was visualized and the anterior seg¬ 
mental bronchus aspirated, revisualized, and an obstruction was not seen. Generous biopsies 
were obtained from the right upper lobe carina and the left upper lobe Carina. The bronchial 
secretions were collected separately during the procedure from the right main bronchus, then 
from the left main bronchus, and examined for the presence of malignant cells. 

Microscopic examination of the biopsy specimen from the right upper lobe carina 
demonstrated squamous cell carcinoma in the bronchial submucosa. T V S y fro 
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left upper lobe bronchus was unsatisfactory and consisted of cartilage. The bronchial 
aspirate demonstrated anaplastic tumor cells in the bronchial secretions from both sides. 

On Feb. 11, 1959, bronchoscopy was carried out again to obtain a biopsy from the left 
upper lobe cariua. There was no evidence of tumor visualized on the right side and no 
significant changes were noted. The segmental bronchi of the left upper lobe bronchus were 
again partially occluded with green exudate in the anterior segmental bronchus. This was 
aspirated and an obstruction was not visualized. A generous biopsy of the left upper lobe 
carina was obtained from multiple sites and submitted for microscopic examination. This 
specimen demonstrated poorly differentiated squamous cell carcinoma in the submucosa of the 
left upper lobe carina. 

The diagnosis of bilateral simultaneous primary squamous cell carcinoma of the lung 
was made and the patient was treated with Chloromycetin for 2 weeks to improve the 
pneumonitis distal to the bronchial obstruction. A course of x-ray therapy was advised on 
an outpatient basis for palliative treatment. The possibility of pulmonary resection was 
discussed at some length but was thought inadvisable in view of the finding of tumor in the 
submucosa of both upper lobe carinas. It was felt that curative resection would not be 
feasible in this patient. 


DISCUSSION 

Bilateral simultaneous primary invasive squamous cell carcinoma of the 
lung diagnosed in a living patient is most unusual and has not been reported. 
Howard and Williams 1 recently described a patient with squamous cell car¬ 
cinoma of the right main bronchus ti-eated by pneumonectomy who had car¬ 
cinoma in situ in the middle lobe and right lower lobe bronchus discovered by 
microscopic examination of the surgical specimen. This patient died on the 
twenty-fourth postoperative day from a bronchopleural fistula and empyema. 
Examination of the autopsy material demonstrated a small microscopic area of 
invasive squamous cell carcinoma at the junction of the left upper lobe and 
the left lower lobe bronchus. Other authors" have reported similar cases of 
squamous cell carcinoma of the lung, treated by pulmonary resection, in which 
a squamous cell carcinoma of the lung was detected years later in the opposite 
lung by follow-up x-ray studies or by examination of the autopsy material. 
The presence of carcinoma in situ in one lung when the other has been the site 
of invasive squamous cell carcinoma has been reported. 3 ’ 4 

This case report is unique in that bilateral pulmonary neoplasms were en¬ 
countered which simulated a chronic inflammatory process on initial examina¬ 
tion. A bronehogram demonstrated abrupt segmental bronchial obstructions in 
both upper lobes suggesting a tumor as the most likely cause of this endobron¬ 
chial abnormality. 3 Bronchoscopy and bronchial biopsy demonstrated squamous 
cell carcinoma in both the right and left upper lobe bronchi. The position of 
these tumors did not allow curative resection and treatment consisted of anti¬ 
biotics to decrease pneumonitis. Palliative x-ray therapy was advised if further 
symptoms developed. 

The possibility that one of these lesions could be a metastasis from the other 
sk e was considered but thought to be unlikely for several reasons: 1. Squamous 
ce carcinoma of the lung rarely, if ever, develops a solitary metastasis in the 
contralateral lung. 2. An abrupt endobronchial obstruction usually indicates 
6 1>resence of a Primary bronchogenic carcinoma/' 3. If one lesion represented 
metastasis by lymphatic extension, a positive bronchial biopsy would have been 
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expected to show involvement of the submucosal lymphatics on the first examina¬ 
tion. However, normal bronchial mueosa was obtained from both the right 
and left upper lobe bronchi at the time of the initial biopsy, indicating that 
submucosal spread of the tumor had not occurred across the carina to the op¬ 
posite side. 

The presence of bilateral, central pulmonary lesions with abrupt endobron¬ 
chial obstruction and normal intervening bronchial mucosa certainly suggests 
the presence of bilateral, simultaneously occurring, primary squamous cell car¬ 
cinoma of the lung. 


SUMMARY 

1. The case history of a patient with bilateral, simultaneous primary squa¬ 
mous cell carcinoma of the lung is presented. 

2. Bronchography demonstrated bilateral bronchial obstruction suggesting 
malignancy rather than infection. 

3. The diagnosis was substantiated by bronchoscopy and bronchial biopsies 
which showed the presence of bilateral invasive carcinoma of the lung in a 
living patient. 


REFERENCES 

1. Howard, S. A., and Williams, M. J.: Bilateral Simultaneous Occurrence of Primary 

Squainous-Ccll Carcinoma of the Lung, Cancer 10: 1182, 1957. 

2. Williams, M. J.: Extensive Carcinoma In Situ m Bronchial Mucosa Associated With l"'o 

Bronchogenic Carcinomas; Report of Case, Cancer 5: 740, 1952. 

3. Ryan, R. F., and McDonald, J. R.: Bronchogenic Carcinoma With In Situ Carcinoma in 

Opposite Lung; Report of Five Cases, Proc. Staff Meet. Mayo Clin. 31: 478, lyou. 

4. Black, H., and Ackerman, L. V.: Importance of Epidermoid Carcinoma In Situ in Histo¬ 

genesis of Carcinoma of Lung, Ann. Surg. 136: 44, 1952. 

5. Wilt, K. E., Andrews, N. C., Meckstroth, C. V., Molnar, W., and Klasscn, K. P.: l* 1 

Role of Bronchography in the Diagnosis of Bronchogenic Carcinoma, Dis. dies 
35: 517, 1959. 



AN UNCLASSIFIABLE TUMOR OF THE ESOPHAGUS 
A Case Report 

Victor Hay-Roe. M.D., Rogers Lee Hill, M.D., and 
IF. Harold Civin, M.D., Honolulu , Hawaii 

L ine 1 recently reported a scries of eases of peculiar stromal change associated 
i with squamous cell carcinoma. He reviewed no esophageal cases, hut. Stout 
and Lattes 2 discussed and illustrated 2 similar eases in the Armed Forces In¬ 
stitute of Pathology Fascicle on Tumors of the Esophagus. At about this time 
we were puzzling over an unusual esophageal lesion. 

CASE REPORT 

J. L. K., a 56-year-old Hawaiian man, was first scon in January, 1957, complaining of 
pain in the right side of Ids throat, progressive dysphagia, licmatemesis, and marked loss 
of weight. 

Past history revealed treatment for pulmonary tuberculosis from 1950 to 1955. He had 
also been treated for syphilis in the past. 

Physical examination revealed a poorly-nourished man who showed evidence of recent 
weight loss. X-ray studies of the chest showed considerable interstitial fibrosis and extensive 
pleural thickening on the right side. Esophagoscopy disclosed a large necrotic mass of what 
appeared to be impacted food, 20 cm. from the incisors. Biopsies were reported as showing 
“saTcoma, type undetermined.” 

The patient was prepared for esophagectomy and, tltrougli an upper abdominal incision, 
the stomach and lower esophagus were mobilized. A right thoracotomy disclosed a lung 
densely adherent to the chest wall, and much bleeding was encountered in mobilizing it. 
The esophagus was freed and the tumor palpated witliin it, just inferior to the aortic arch. 
Bering the procedure, the blood continued to ooze profusely from the right thoracic cage 
and the patient required multiple transfusions. His blood pressure dropped progressively 
and became unobtainable in spite of ten pints of blood, several of which were pumped in 
under pressure, and it was thought that the surgery should be terminated as rapidly as 
possible. Since the tumor could be moved up and down within the esophagus and was at¬ 
tached by only a small pedicle, a longitudinal esophagotomy was made and the tumor ex¬ 
truded from the esophagus. The pedicle was less than 1 cm. in diameter and was attached 
just below the arch of the aorta. A segment of esophageal wall, 2 cm. in diameter, sur¬ 
rounding the base of the pedicle was excised and the esophagotomy and the chest were closed, 
"ith two chest drainage tubes inserted through separate stab wounds. These were con¬ 
nected to water-seal suction. No evidence of metastases was found during the procedure. 
At the termination of the surgery the blood pressure ranged from 40 to 60 mm. Hg systolic 
but, with transfusion of 1,500 c.c. of blood, it gradually returned to normal levels. The 
patient made an uneventful recovery. 
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expected to show involvement of the submucosal lymphatics on the first examina¬ 
tion. However, normal bronchial mucosa was obtained from both the right 
and left upper lobe bronchi at the time of the initial biopsy, indicating that 
submucosal spread of the tumor had not occurred across the carina to the op¬ 
posite side. 

The presence of bilateral, central pulmonary lesions with abrupt endobron¬ 
chial obstruction and normal intervening bronchial mucosa certainly suggests 
the presence of bilateral, simultaneously occurring, primary squamous cell car¬ 
cinoma of the lung. 


SUMMARY 

1. The case history of a patient with bilateral, simultaneous primary squa¬ 
mous cell carcinoma of the lung is presented. 

2. Bronchography demonstrated bilateral bronchial obstruction suggesting 
malignancy rather than infection. 

3. The diagnosis was substantiated by bronchoscopy and bronchial biopsies 
which showed the presence of bilateral invasive carcinoma of the lung m a 
living patient. 
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AN UNCLASSIFIABLE TUMOR OF THE ESOPHAGUS 
A Case Report 

Victor Hoy-Roe. M.D.. Rogers Lee Hill. M.D.. and 
1U. Harold Civiti. M.D.. Honolulu. Hawaii 

L \xe 1 recently reported a series of eases of peculiar stromal change associated 
i witl\ squamous cell carcinoma. He reviewed no esophageal cases, but btout 
and Lattes 2 discussed and illustrated 2 similar cases in the Armed Forces In¬ 
stitute of Pathology Fascicle on Tumors of the Esophagus. At about this time 
we were puzzling over an unusual esophageal lesion. 


CASE REPORT 

J. L. K.. a 56-year-old Hawaiian man. was first seen in January. 1957. complaining of 
pain in the right side of his throat, progressive dysphagia, hematomesis, and marked loss 
of weight. 

Past history revealed treatment for pulmonary tuberculosis from 1950 to 1955. He had 
also been treated for syphilis in the past. 

Physical examination revealed a poorly-nourished man who showed evidence of recent 
weight loss. X-ray studies of the chest showed considerable interstitial fibrosis and extensive 
pleural thickening on the right side. Esopliagoscopy disclosed a large necrotic mass of what 
appeared to be impacted food, 20 cm. from the incisors. Biopsies were reported as showing 
‘•sarcoma, type undetermined.” 

The patient was prepared for esophagectomy and. through an upper abdominal incision, 
the stomach and lower esophagus were mobilized. A right thoracotomy disclosed a lung 
densely adherent to the chest wall, and much bleeding was encountered in mobilizing it. 
The esophagus was freed and the tumor palpated within it. just inferior to the aortic arch. 
During the procedure, the blood continued to ooze profusely from the right thoracic cage 
and the patient required multiple transfusions. His blood pressure dropped progressively 
and became unobtainable in spite of ten pints of blood, several of which were pumped in 
under pressure, and it was thought that the surgery should be terminated as rapidly as 
possible. Since the tumor could be moved up and down within the esophagus and was at¬ 
tached by only a small pedicle, a longitudinal esophagotomy was made and the tumor ex¬ 
truded from the esophagus. The pedicle was less than 1 cm. in diameter and was attached 
just below the arch, of the aorta. A segment of esophageal wall. 2 cm. in diameter, sur¬ 
rounding the base of the pedicle was excised and the esophagotomy and the chest were closed, 
with two chest drainage tubes inserted through separate stab wounds. These were con¬ 
nected to water-seal suction. Xo evidence of metastases was found daring the procedure. 
At the termination of the surgery the blood pressure ranged from 40 to 60 mm. Hg svstolic 
but, with transfusion of 1,500 c.c. of blood, it gradually returned to normal levels. The 
patient made an uneventful recovery. 
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Pathologic Report (1).—The specimen consisted of an irregularly tabulated, ovoid, 
gray mass of soft tissue weighing 88 grams and measuring 10 cm. in greatest dimension. 
Microscopic examination revealed what was interpreted as a grade 2 leiomyosarcoma and a 
grade 3 squamous cell carcinoma (so-called collision tumor). This lesion was later renewed 
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Because of the inadequacy of the surgery performed, the possibility of further surgery 
was suggested, but the patient refused. He gained weight and did fairly well for several 
months, but in January. 195S, he returned complaining of mild dysphagia and recent weight 
loss. Esophagogmms at this time revealed two filling defects, one in the upper esophagus. 


■ / ’ "A\. ■' 

AV.i'v 



* '*’■ 3 - Photomicrograph showmg masses of grade 3 squamous cell carcinoma invading 
esophageal wall. (Hematoxylin and eosm. -i, X15 -B, X2S5 ; both reduced ifc.) & 


the other just above the cardie.. Esophagoscopy and biopsy proved the presence of recurrent 
tumor, and the patient then consented to farther surgerv (exactlv 1 vear following the first 
operation). “ * ° 

Ho was readmitted ou Feb. IS, 195S, and a radical subtotal esophagectomy was carried 
OU through the left chest, using a combined cervieal, thoracic, and abdominal incision. The 
s °f. aad duodenum were mobilized and the gastric cardia was anastomosed to the re- 
“anung esophageal segment in the neck. Careful ex amina tion revealed one area in which 
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the wall of the esophagus was indurated, but no spread through the wall could be detected. 
Critical exploiation of the abdomen (including liver biopsy) and thorax revealed no evidence 
of metastases. 

Pathologic Report (2).—The specimen consisted of a segment of esophagus measuring 
21 cm. in length and weighing 105 grams (Fig. 1). Five centimeters from one end was a 
polypoid growth, 5 cm. in diameter (Fig. 2), which was attached by a narrow pedicle, ap¬ 
proximately 1 cm. in diameter. At the base of this mass was another small pedunculated 
daughter growth, 1 cm. in diameter. 

About 5 cm. from the other end, and extending to the mid-portion of the esophagus, 
was a sessile, nodular ulcerated growth which measured 1.5 to 2.5 cm. above the mucosa. 



Fig. 4.—Medium-power view of anaplastic stromal giant ceils (Hematoxylin and eosin X265.) 

Microscopically, the major part of the sessile tumor was composed of nests, masse?) 
and columns of squamous cells (Fig. 3) with variably chromatic and pleomorphic nuclei, 
and cells showing anisonucleosis growing in the thickened submucosa and superficial mus- 
cularis propria. Where the mucosa was not ulcerated, the covering squamous epithelium was 
entirely normal and there was no evidence of surface origin of the lesion which appeared to 
have spread submucosally. No stromal change was seen. No lymphatic channels were noted 
to contain tumor emboli. 

The pedunculated tumor and its offshoot were composed of a core of round and 
spindle-shaped cells with hyperchromatic oval nuclei. Cytoplasm was variable in amount, 
and cell membranes were often distinct, although at times indistinct. A large number of 
multinucleated giant cells (Fig. 4), not of the foreign body type, was present also. There 
was some infiltration by lymphocytes and plasma cells. The surface of the tumor was 
represented by a squamous cell carcinoma showing some superficial invasion and ulceration. 

It is interesting to note that although known malignancy had been present for over 
a year at the time of the second operation, no metastases could be demonstrated. Even 
infiltration of the esophageal wall was not extensive. The lower mass may have been present, 
although certainly less extensive, at the first operation. However, it may not have been 
present then. 
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Follow-ins surgery the patient (lid poorly; lie was dyspneie and slightly cyanotic with 
marked decrease in pulmonary capacity, lie became rapidly w-orse and died on the first 
postoperathe day. Death was probably a result of markedly reduced pulmonary capacity 
incident to an extensive fibrosis front an old tuberculosis. 


DISCUSSION 

This ease illustrates an unusual esophageal tumor of a type which has been 
infrequently described in the literature. Lane. 1 in Stout s laboratory, reported 
several eases of similar tumor occurring in the mouth, pharynx, and larynx. 
These polypoid growths he designated as pseudosarcomas occurring in associa¬ 
tion with a squamous cell carcinoma. In his opinion, factors present in the 
connective tissue adjacent to a squamous cell carcinoma could stimulate the 
proliferation of connective tissue, resulting in a large polypoid growth with an 
inconspicuous squamous carcinoma at its base. He likens the proliferation of 
connective tissue to that seen following trauma or irradiation, as in the "granu¬ 
lation tissue sarcoma" mentioned by Ewing. 5 

There seemed to he four possibilities concerning the lesion in this ease. 
It might have been (1) a carcinoma with pseudosarcomatous change in the 
stroma: (2) a malignancy of the collision type; (31 a carcinoma and a benign 
stromal tumor, as Pearlman' thought sonic so-called carcinosarcomas were, or 
(41 an anaplastic carcinoma. A cheek for myofibrils revealed none and many 
nuclei appeared adjacent to the extranuelear material and not surrounded by 
this, so we veered away from a diagnosis of leiomyoma. 

The clinical course and apparent lack of metastases seemed against the 
diagnosis of anaplastic carcinoma. Also, because of lack of mitoses of the 
stromal elements and the rarity of occurrence, a malignant stromal tumor ap¬ 
peared unlikely. In favor of pseudosarcomatous change was the absence of 
deep invasion by the stromal element, although the squamous cell carcinoma 
extended into the muscle wall. Pseudosarcoma was also suggested by the ability 
of the tumor to propagate in tissue culture on numerous transplants as polyg¬ 
onal and spindle elements, depending on where the tissue was taken. These 
former cells also showed spindling of the edges of the transplants (Fig. 5). 
These constituents were maintained by reculture every week or so for a period 
of 5 months. 

The emphasis placed on tissue culture in the diagnosis depends, of course, 
on one's teaching and experience. Autonomous growth, which this tumor dis¬ 
played, is considered as a sign of malignancy by many; thus the stromal ele¬ 
ment might be considered as malignant. There is a marked tendency, however, 
for epithelial elements to spindle in tissue culture and tliis could he the ex¬ 
planation of the spindling. 

Stout and Lattes 2 have illustrated 2 similar cases but made no conjecture 
as to the mechanism of development. The authors stressed confusing the lesion 
with sarcoma and they also stressed that an intraniueosal and occasional^ an 
invasive squamous cell carcinoma is always present. 

A number of lesions called cm-cinosareomas of the esophagus of polypoid 
character in the literature showed no metastases of stromal elements. 1 - 15 The 
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possibility that some of these were carcinomas with pseudosarcoma lias been 
entertained by both Stout and Lattes 2 and Lane. 1 Metastases occurred chiefly 
in polypoid lesions incompletely treated or of long duration, a point to be con¬ 
sidered in the treatment of such lesions. 

The question as to whether or not one can differentiate lesions in which 
the connective tissue element will metastasize from those in which it will not 
has not been resolved. Most such decisions would seem to be purely academic, 
because polypoid lesions with epithelial malignancy and stromal atypism, re¬ 
gardless of their origin, should be treated early and extensively since they often 
do not carry the dismal connotation of the usual squamous cell carcinomas of 
the esophagus. The usual squamous cell carcinoma ulcerates and infiltrates 
slowly although it gains access to lymphatics and metastasizes early. It does 



Fig 5—Photomicrograph of tissue culture growth in transplant which shows tendency 
of epithelial cells to spindle at the edges of the growth (Hematoxylin and eosm Xi-- 1 ' 
reduced ) 

not give rise to symptoms until extensive infiltration of the esophageal wall 
(and often the adjacent mediastinal structures and lymph nodes) brings on 
dysphagia and weight loss. In contrast, the rarer group of malignancies repre¬ 
sented by this case, by nature of their exophytic growth, usually cause dysphagia 
early and bring the patient to the physician while the lesion is still amenable 
to surgery. Furthermore, the intrinsic malignancy of the polypoid lesion ap¬ 
pears less. Bad results seem to be related to inadequate treatment. 

If, on biopsy of a polypoid tumor of the upper respiratory or digestive 
svstems, a peculiar sarcoma-like (sometimes called sarcoma) proliferation of 
the stroma is noted, such a finding should alert the surgeon and the pathologist 
to the possible presence of an adjacent squamous cell carcinoma. Since the 
death of this patient the authors have been able to prove that such was the case 
in a tumor of the nasopharynx. An aggressive approach may be lifesaving. 
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SUMMARY 

An nnusnal iunioi" of the esophagus, showing both epithelial and connective 
tissue elements and differing from the usual esophageal malignancy, is reported. 
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AN UNUSUAL VARIATION OF CONGENITAL 
TRACHEOESOPHAGEAL FISTULA 


Case Report 

Ira S. Goldenberg. ALD.. New Haven. Conn. 

C oxgexital anomalies can frequently be explained on tbe basis of known 
embryologieal development. Some of the more complex structural defects 
such as tracheoesophageal fistula, however, are not understood completely so 
that conjecture and surmise play important roles in ascertaining development. 
Despite lack of complete knowledge, a classification of known types of tracheo¬ 
esophageal fistula has been accepted generally (Fig. 1). Variants from this 
grouping are uncommon. Such variants may sometimes corroborate previous 
ideas regarding development or they may confuse the situation further. The 
present report describes an interesting variation of tracheoesophageal fistula. 


CASE REPORT 

A male infant was delivered at another hospital on June 22, 1959, after a full-term, 
uneventful pregnancy. Labor and delivery were unremarkable. The mother was Rh negative, 
the father Rh positive, and the infant Rh negative. Two siblings were without congenita! 
abnormalities. 

During the first day of life, constant suctioning of the oropharynx was necessary 
because large amounts of ruueus were produced which interfered with the aim ay. When the 
child wa« 12 hours old the diagnosis of esophageal atresia with probable tracheoesophageal 
fistula was made after appropriate radiological studies. Thoracic liemivertebrae were also 
demonstrated on these films. The child was transferred to this hospital where exploration 
was carried out through a right thoracotomy. Continuity of a dilated esophagus was noted. 
Dissection of the trachea from the esophagus revealed a fistula to be present between trachea 
and esophagus high in the chest at the thoracic inlet. This was divided in routine fashion 
and the trachea closed with some difficulty because of the location in the low neck. A tube 
passed from the nasopharynx could be palpated in the esophagus distal to the esophageal 
opening but could not be passed through the opening. Esopliagostomy at a lower level 
was then performed and a second catheter passed from below. This catheter emerged 
through the previous fistulous connection with the trachea. It was then apparent that a 
septum was present which divided the esophagus with a fistulous connection to the trachea 
inferior to it. The esophagus was then opened in its mid-portion and the septum divided. 
The esopliagostomy openings were closed. 

The postoperative course was benign during the first few days after operation. Oral 
nutrition was started on the fifth postoperative day and went well for 24 hours. An episode 
of aspiration of a feeding occurred on the second day of feeding and severe pneumonitis 
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developed Feedings were continued, however, and were uneventful until the eighth post, 
operative day whef another aspiration episode took place. Radiographic examination of 
STSLS X was acne and demonstrated patency of the esophagus with 

Z flow tfthe stomach. Aspiration of barium occurred during the £ 

lined the trachea, demonstrating a possible fistula to the esophagus at the eve of the fir t 
thoracic vertebra! A gastrostomy was then done for feeding purposes. The child took the 
nutrition per gastrostomy well for 9 days when another episode of aspiration occurred Fo u 
ing this, the pneumonia became more marked and several episodes of cyanosis were noted. 



Fig. 1.—The common types of congenital 



abnormalities of 



the esophagus 



(from Gross’). 



, , Fig. 2.—A diagrammatic representation of the patient reported here. The esophagus and 

iracnea. have been cut open to show the esophageal septum (solid black) and its relation to 
the fistulas. 


The general condition of the child deteriorated. On the twenty-third day of life a cardiac 
murmur was heard for the first time and it was evident that congestive cardiac failure was 
present. Digitalis was given but rapid worsening in the child's condition followed and he 
died on the twenty-eighth postoperative day. 

Postmortem examination revealed the area of repair to be intact without evidence of • 
leak. Meticulous examination of the specimen revealed a second, minute tracheoesophageal 
fistula in the neck, about 1.5 cm. above the repaired one. This second fistula was so small 
as to have been overlooked during the preliminary appraisal of the organs (Fig. 2). 
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Marked hypertrophy of the right heart was present with interauricular and inter¬ 
ventricular septal defects and a bicuspid aortic valve. Coarctation of the aorta and a patent 
ductus arteriosus were present, as was marked hydrocephalus. 

Death was attributed to right heart failure. Acute cor pulmonale resulting from the 
marked pneumonia and consolidation of the lungs probably caused decompensation of the 
congenitally abnormal heart. 


DISCUSSION' 

Unusual features in the patient presented here are (1) the septum in the 
esophagus associated ivith (2) the high location of the fistula to the trachea 
which was closed at operation and (3) the presence of a second tracheo¬ 
esophageal fistula in the neck which was noted at autopsj r . This infant re¬ 
sembled a child reported by Singleton and Knight 2 in whom two fistulas were 
present—the first repaired successfully, the second found in the neck at post¬ 
mortem examination. 

A review of the normal development of the trachea and esophagus offers 
some suggestions as to the development here. During the fourth week of gesta¬ 
tion, the primordial respiratory tract anlage appeal’s from the ventral side oi 
the foregut. This outgrowth separates from the gut by the growth of bilateral 
longitudinal ridges which fuse. The fusion extends cranialward while the 
tracheal portion grows caudally rapidly. Some time before the seventh week 
of development it is believed that the esophageal lumen is obliterated by epi¬ 
thelial proliferation to recanalize during the eighth week. It is possible that 
the septum in the patient here represented a persistence of the obliteration of 
a segment of the esophageal lumen. Variation in growth rate of esophagus 
and trachea could account for the fistulas although it is difficult to explain the 
higher than usual location of them. 

SUMMARY 

A variation of congenital tracheoesophageal fistula has been presented m 
which there was esophageal eontinuitj’-, a mid-esophageal septum, and two 
separate fistulas to the trachea. Autopsy following death on the twenty-eighth 
day of life disclosed additional abnormalities: hypertrophy of the right heart, 
interauricular and interventricular septal defects, bicuspid aortic valve, co¬ 
arctation of the aorta, patent ductus, and marked hydrocephalus. 
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BRONCHOGRAPHY THROUGH PUNCTURE OE THE 
CRICOTHYROID MEMBRANE 


Gerald, B. Reams, Captain, USAF (AiC),* and Morton A. Bosniak, 

Captain, USAF (MC),** Wimpole Park, England 

I n view of the (1) inconsistent radiologic results, (2) toxic anesthetic reactions, 
(3) technical difficulties, and (4) discomfort to the patient following any of 
the laryngeal catheterization methods by the oral or nasal route, it was decided 
to evaluate the method of bronchography, as originally suggested by Sicard and 
Forestier in. 1922, which has been used-much more frequently on. the continent 
and in England than in this country. Numerous advantages and disadvantages 
appeared to us in our review of the literature and in our original consideration 
of this technique. The advantages appeared to lie that, without the irritating 
presence of a catheter, the amount of local anesthetic necessary would be greatly 
reduced since only the subglottic portion of the tracheobronchial tree would 
require anesthesia. This in turn should decrease the number of toxic reactions 
as well as increasing the patient comfort and safety. Since the cough reflex 
as initiated by laryngeal and carinal stimulation was eliminated, it was believed 
that more constant radiologic results could be obtained. Technically the neces¬ 
sary positioning of the patient during the procedure, in order to obtain complete 
segmental filling, appeared to us to be a possible inherent weakness in this 
technique. Other disadvantages considered were the possibility of damage to 
the trachea, perforation of the esophagus, extravasation of the dye into the 
paratracheal tissues, the possibility of subcutaneous and mediastinal emphysema 
and infection, air embolism, or breakage of the needle in the trachea. 

historical data 

Bronchography was originally performed by Chevalier Jackson 1 in 1905 
by means of insufflation of a bismuth subcarbonate compound through the bron¬ 
choscope. Sicard and Forestier 2 reported the use of Lipiodol by means of 
cricothyroid puncture in 1922. Numerous other technical methods have been 
used for the introduction of the bronchographic medium; the introduction of 
d ie nas al catheter into the trachea under topical anesthesia has been the most 
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widely used method in the United States. Due to its slow absorption and pos¬ 
sibility of tissue reaction, Lipiodol has now been supplanted, first, by a partial 
transition to the water-soluble bronchographic compounds which were not com¬ 
pletely satisfactory, and now to Dionosil which is an aqueous or oily suspension 
of a salt of the basic same acid as Diodrast. When warmed it has offered a 
medium of low irritation, good contrast, satisfactory viscosity, and disappears 
from the lungs within 24 hours. The choice of the topical anesthetic has changed 
from the use of cocaine originally to a now wide variety of potent agents of 
low toxicity. Both Xvlocaine and Cyclaine were used satisfactorily during 
this study. The broncliopidmonary segmental anatomic terminology, as sug¬ 
gested by Jackson and Huber 9 in 1943, was used for conformity in this study 
since the patients investigated represented the combined therapeutic problems 
of the medical, radiologic, anesthetic, and surgical teams. 

INDICATIONS 

The chief value of bronchography lies in the demonstration of the presence 
or absence of bronchiectasis. Its use, we believe, should not be restricted to 
those patients with the typical symptomatology of a cough productive of large 
amounts of sputum but should be given serious consideration in all cases of 
hemoptysis as an adjunct to other mor*e commonly used methods of diagnosis 
to eliminate the possibility of unsuspected upper lobe involvement in the presence 
of a normal routine chest film. Its use as a guide in the surgical treatment of 
pulmonary tuberculosis is becoming a more widespread feature. Bare congenital 
abnormalities, as well as foreign bodies and tumors of the bronchus, may on 
occasion be diagnosed only by the performance of bronchography. The etiology 
of pulmonary cysts may also be ascertained, and other diseases, such as astlmia 
and emphysema, may show not only- slight morphologic changes but also changes 
in bronchophvsiologie characteristics. Since we believe this to be a procedure 
which offers a good percentage of useful yield with low morbidity, the variety 
of clinical problems as mentioned above are considered indications for bronchog¬ 
raphy. 

TECHNIQUE 

Premedication in these cases has varied with the use of either a barbiturate 
90 minutes before the procedure combined with morphine and atropine 60 
minutes before the procedure as the standard, with use of the barbiturate 
or narcotic alone, or no premedication in certain individual cases. The former 
patients naturally were less apprehensive, with slightly diminished secretions 
and cough reflex. The personality make-up of the individual seemed to be as 
important as any factor in determining the difference between a very coopera¬ 
tive and comfortable patient and the small percentage of others who were not. 
A complete and thorough explanation of the procedure appears to be of the 
utmost importance in obtaining patient cooperation. The patient is positioned 
with the head slightly extended on the fluoroscopic table with the head of the 
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table elevated approximately 20 degrees. The area is prepared, using Pliisohex 
and aqueous Zepharin. Local anesthesia of the skin and cricothyroid membrane 
is obtained bv either 1 c.c. of 1 per cent Cyclaine or 1 per cent A} locaine. Fol¬ 
lowing this, a 16-gauge needle specially prepared with a short bevel, and of a 
length calculated to penetrate one half of the diameter of the trachea from the 
s kin , is inserted. Flexible polyethylene tubing is then connected to the needle 
and approximately 2 c.c. of 1 per cent Cyclaine is injected with the patient on 
his back, and 1 c.c. with the patient on his right side and 1 c.c. when on his left 
side. (In only one instance, early in our performance of this technique, was 
it necessarv to reinsert the needle because of the rigorous swallowing of the 
patient.) After this procedure the patient is allowed to rest for several minutes 



Fig- 1.—Brcncho^raphic materials 


before, under intermittent fluoroscopic control, 15 c.c. of warmed aqueous or 
oily Dionosil is injected with the patient on his back and then another 5 c.c. 
with the patient lying on his right side, having turned approximately 120 
degrees, then back on his left side through the same arc for another injection 
of 5 c.c. Filling is checked and, if satisfactory, films are taken at a target— 
film distance of 6 feet. If any segment is not filled satisfactorily he is positioned 
properly and another 5 c.c. is injected before completion of fluoroscopy. After 
these films are viewed the patient is asked to breathe deeply and cough gently 
several times before the final posteroanterior film is taken. We have found that 
on occasions this will proride somewhat of a more definite air contrast coating 
of the bronchi without appreciable alveolar filling. The needle is removed and 
a small Band-aid dressing is applied which is removed in 24 hours. 

results 

During the period of study, seventeen bronchograms were performed bv 
t ie laryngeal catheterization method using the same type of premedication and 
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anesthetic agents, except that with the lattei’ cases, even when an aersol uas 
used, anesthesia was never completely satisfactory using less than 12 c.c of 1 
per cent Xyloeaine or 1 per cent Cyclaine, and it usually required slightly more 
(This is in comparison with an average of 5 c.c. when using the cricothyroid 
puncture technique.) In the 17 catheterization cases, there was one con¬ 
vulsive reaction, 1 patient with transient cyanosis, and 3 patients with mild 
reactions of pallor, sweating, brad.yeardia, and hypotension. Ninteen crico 
thyroid membrane puncture bronchograms were performed with the technique 


A. 



B 

F, e . 2— BronchogTaphic technique A, Insertion of local anesthesia B, Injection of the bron- 

chogrraphie medium 

outlined previously with only one instance of syncope and bradycardia in this 
group. In an evaluation of the diagnostic quality of the films, it was considcicd 
that there was incomplete filling, Jn j -of—the—17 cases in the first group, 
whereas, in the latter, there was o nly 1 case in which the filling was not com¬ 
pletely satisfactory. The over-all quality was much better in the group which 
had had cricothyroid membrane puncture. As far as patient comfort vas 



3.—Representative bronchograms. A, R.N. (Xo. 26501). An anteroposterior view 
which shows bronchiectasis of the basilar segments of the left lower lobe. B t A.IC (No. 
2 ;219). a lateral view which shows bronchiectasis of the middle lobe and basilar segments 
or the right lower lobe. C, M.G. (No. 25512). A right anterior oblique view which shows 
extensive basilar segmental bronchiectasis. 
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concerned, 5 patients of the second group had previously had laryngeal cathe¬ 
terization bronchography and all 5 expressed strong preference for the needle 
method. Technically, by using the method described, there was less difficulty 
in filling the upper lobes through the needle than had been anticipated, although 
the head of the table was never lowered below 10 degrees above the horizontal. 
There was 1 p atientjn whom— the-ue edle did si ip-nut o f the trachea near the 
end of the ’procedure resulting in a minimal extravasation which cleared spon- 
taneously~~iri 72 hours. One pa tient developed a nonhemolytic strept ococcal 
cellulitis su rromTding the site of the needle puncture and th e sa me org anism was 
cultufecTTrom t he tracheobro nchial tree. This responded well to appropriate 
antibiotic therapy and warm compresses hut di d~ proton? Ins .h ospital stay for 
several da ys beyond that~whicii would have lieerTre quirod fonJ-he completion of 
his diagnosrigjvorkup; (HeveraToTlhe films and a picture of the material neces¬ 
sary for the performance of this type of bronchography are included.) It is our 
belief that the use of a number of short b eveled needles of various lengt hs, so 
that one can be ch osen of the correct length to m eas ure just that distance be¬ 
tween The skin and the mid- diameter of the trach ea, is a very importan t factor 
in the preveiiTion ol complicati ons in this technique. 

DISCUSSION 

In a comparison of our limited series of patients between the nasal catheter¬ 
ization method with tho cricothyroid puncture method, we were impressed with 
(lie advantages of the latter. In the group which had catheterization there was 
one convulsive reaction which responded well to an intravenous barbiturate and 
oxygen, and one episode of transient cyanosis. Three patients showed milder 
reactions of pallor, sweating, bradycardia, and hypotension, whereas, in the 
cricothyroid group there was only 1 case of bradycardia and hypotension which 
cleared spontaneously. 

Tn the group with cricothyroid puncture, there was 1 case of minimal 
extravasation and 1 other in which a cellulitis developed around the injection 
tract which required treatment and prolongation of the hospital stay for several 
days. 

Taking all factors into consideration, it was our belief that the latter pro¬ 
cedure was the most satistaclory because of its decrease in anesthetic reactions 
and its overwhelming preference by the patients, particularly those on whom 
the catheterization method had been used previously. Its simplicity and ease 
of performance, combined with tho production of much more satisfactory 
diagnostic films, are additional assets to he considered in the choice of methods 
Our hope is that this method will he given a more widespread trial in the United 
States than it has had. in order to ascertain if the disadvantages mentioned 
earlier might not he more rare than originally anticipated. 
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the transtracheal method, as described by Sieard and Forestier m 1922 and 
used more generally on the continent and in Great Britain than in the United 
States. 

The patient is prepared for this procedure by a combination of morphine 
and atropine given 1 hour before the procedure with a barbiturate some¬ 
times added, although the technique has been satisfactorily performed 'with no 
premedication. The patient is positioned on the fluoroscopic table with the 
neck slightly liyperextended. Local anesthesia is obtained by a total dose of 
5 c.c. of the anesthetic solution (1 per cent Cyclaine or iXylocaine) and the 
broncliographie medium is injected through a 16 gauge needle which has been 
inserted through the cricothyroid membrane. It is of importance that this 
needle be of such length as to approximate the distance between the skin and 
the mid-diameter of the trachea. Dionosil is used as the broncliographie 
medium and bronchial filling of all segments is accomplished by positioning of 
the patient, being careful not to lower the head more than 10 degrees in order to 
prevent reflux into the unanesthetized larynx. 

In evaluating this method, bronchoscopy performed by catheterization was 
compared with that performed transtraclieally, with the latter method being 
the more satisfactory in our hands in alleviating the difficulties mentioned. It 
is hoped tills technique will now be given a more widespread trial to ascertain 
its true place in our diagnostic armamentarium. 
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EBRATUM 

The dates of the next meeting of The American Association for Thoracic 
Surgery were erroneously given on the cover of June Issue as May 24, 25, and 
26, 1961, instead of April 24, 25, and 26, 1961. 
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ANNUAL MEETING NOTES 


The Fortieth Annual Meeting of The American Association for Thoracic Surgery 
held in. Miami Beach, Florida, May 11, 12, and 13, 1960 There acre 892 physicians Mo 
registered for the scientific sessions In addition there "ere 109 "lies present The icpn 
sentation from foreign countries "as rather impressive, paituularly from the Far East 

The meeting arrangements "ere satisfactory' except for an unavoulable and ineomprc 
hensible mismanagement of the hotel reservation arrangements at The Deauville, as udl a 
their satellite and supporting institutions along the Beach 

As a result of extended deliberations over several years, by the Council, by special com 
mittees, as "ell as the Executive Session and the voting membership, the folloumg propo's s 
affecting the membership structure of the Association and embodying changes in the on 
stitution as "ell as the By Laws "ere adopted after due process 


Constitution. Article III Membership 

Former. — “Stotton 1 —There shall be four classes of membeis. Active, Associate, feenior, 
and Honorary' Admission to membership m the Association shall be by election There 
be no numerical limits on any class of membership Only Active and Senior members s|a 
have the privilege of voting or holding elective office ” 

Adopted—“Section 1 —There shall be four classes of membeis. Active, Associate, 
.Senior, and Honoiary. Admission to membership in the Association shall be by election 
bership shall be limited, the limits on the lespcctive classes to be determined by the By 
Only Active and Senior members shall have the privilege of voting or holding elective office 

1<ormcr — “S/ction 2 —Election to all classes of membership shall be for life, subject 
to the provisions of Section 3, following.” 

Adopted — “Section 2 —Election to Active, Senior, and Honorary' Membership shall be 
for life, subject to the provisions of Section 3, following After the I960 Annual Meeting 
of the Association election to Associate Membership shall be for a limited period of time, 
as determined by the By Laws During this limited period, an Associate Member, if propere 
qualified, may be elected to Active Membership At the expiration of this limited period, an 
Associate Member, if not yet qualified for Active Membership, must either be reelected to 
an additional period of Associate Membership, or be dropped from the rolls of the Assocta 
tion. ’ ’ 

Section 3. Unchanged. 

Bv IjAVV&' Akticie III 

J. ormcr _“Section £ —There shall be no numerical limit on Active Membership The 
candidate to be eligible, must be a citizen of the United .States of America or of Canada, 
mless m unusual cases tins citizenship requirement shall have been w.uvcd by the Council 
The candidate shall have achieved distinction m the thoracic field, or shall have made a men 
tonous contribution to knowledge pertaining to thoracic disease or its surgical treatment 
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Under usual circumstances. Active Members shall be elected from the Associate Members who 
have satisfied all requirements for Active Membership. Under unusual circumstances. Active 
Membership may be awarded to new candidates of outstanding distinction. 

Adopted.—“Section 2 .—Active Membership shall be limited to three hundred fifty."-' 
(The remainder of the Section unchanged.) 

Former.—“Section S .—There shall be no numerical limit on Associate Membership. 
The candidate, to be eligible, may be a citizen of any country. All candidates for Associate 
Membership shall be engaged actively in the practice of clinical medicine, or in teacliing, or 
investigative work in the basic sciences underlying clinical practice, and all shall have demon¬ 
strated an active interest in thoracic disease. In the case of those who are engaged in the 
independent practice of thoracic surgery, it shall be required that they present evidence of 
sound basic training in general as well as thoracic surgery. Clinicians of outstanding ability, 
whose interest is limited to a small fraction of the entire thoracic field, may be elected to 
Associate Membership."-' 

Adopted.—“Section 5.—There shall be no numerical limit on Associate Membership. 
The candidate, to be eligible, may be a citizen of any country. All candidates for Associate 
Membership shall be engaged actively in the practice of clinical medicine, or in teacliing, or 
investigative work in the basic sciences underlying clinical practice, and all shall have demon¬ 
strated an active interest in thoracic disease. In the case of those who are engaged in the 
independent practice of thoracic surgery, it shall be required that they present evidence of 
sound basic training in general as well as thoracic surgery. Clinicians of outstanding ability, 
whose interest is limited to a small fraction of the entire thoracic field, may be elected to 
Associate Membership. The limited period of time for Associate Membership, as required 
by Article III, Section 2, of the Constitution, shall be five years. 

A change which would limit the number of visitors at each meeting was defeated. Thus, 
the scientific sessions still remain open to those interested and qualified physicians who register 
in appropriate manner. 


The following changes in membership status were approved by the Council and passed 
by the membership in Executive Session: 

Four members were dropped from the rolls of the Association either through the ac¬ 
ceptance of their resignations or because of nonattendance. 

The following Active members were elevated to Senior status: 

J. Dewey Bisgard James L. Mudd 

Joseph \Y. Gale George F. Skinner 

Ernest C. Janes George Willauer 

Clarence A. McIntosh 


The following Associate members 

Thomas G. Baffes 
James S. Battersby 
Philip E. Bernatz 
William S. Blakemore 
Ivan W. Brown. Jr. 

John C. Callaghan 
E. Stanley Crawford 
John F. Danunann. Jr. 

Julio C. Davila 
William W. Heroy 
Charles A. Hufnagel 
Karl E. Karlson 


were elevated to Active membership 

Harvey W. Kausel 
John Lester Kee, Jr. 
James Alastair Key 
Earle B. Mahoney 
Elliott Michelson 
Peter Y. Moulder 
Thomas F. Nealon, Jr. 
David C. Sabiston, Jr. 
Frank C. Spencer 
Lawrence H. Strug 
Frederick H. Taylor 
William L Wolff 
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The following candidates were elected to Associate membership: 

Jesse E. Adams, Jr., Chattanooga, Tenn. 
Murray N. Andersen, Buffalo, N. Y r . 

John E. Connollj', San Francisco, Calif. 
Milton V. Davis, Dallas, Texas 
Hugh F. Fitzpatrick, New York, N. Y. 
Joseph J. Garamella, Minneapolis, Minn. 
John P. Heaney, San Antonio, Texas 
Robert H. Holland, Dallas, Texas 
James B. Littlefield, Charlottesville, Ya. 
Daniel E. Mahaffey, Louisville, Ky. 

Charles V. Meekstroth, Columbus, Ohio 
Fletcher A. Miller, Minneapolis, Minn. 
Thomas C. Moore, Indianapolis, Ind. 

Edward R. Munnell, Oklahoma City, Okla. 
Joseph \Y. Peabody, Jr., Washington, D. C. 
Robert G. Pontius, Pittsburgh, Pa. 

George Robinson, Mount Vernon, N. Y. 
Dennis M. Rosenberg, New Orleans, La. 
Robert J. Sehramel, New Orleans, La. 
Thomas V. Shields, Chicago, Ill. 

Harold C. Spear, Miami, Fla. 

Warren J. Taylor, Boston, Mass. 

Milton Weinberg, Jr., Evanston, Ill. 

William Glenn Y r oung, Jr., Durham, N. C. 
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PRESIDENTIAL ADDRESS 

PULMONARY RESERVE AND ITS INFLUENCE ON THE 
DEVELOPMENT OF LUNG SURGERY 

William E. Adams. M.D.. Chicago. 111. 


M embers of the American Association lor Thoracic Surgery and Guests: 

I ivish to begin this discussion by expressing my deep appreciation for the 
high honor of being chosen to serve as President of our Association. I first 
attended a meeting of this distinguished Society in 1929. The meeting mas 
held at Barnes Hospital. St. Louis, in a medium-sized classroom. During the 
31 intervening years, thoracic and cardiovascular surgery has grown and 
matured, and our organization has continued to enjoy an enviable reputation 
among graduate medical educational groups. 

During my 25 years of membership. I have attended all annual meetings 
except one. at which time I was doing graduate work under Prof. Ferdinand 
Sauerbrucli at the University of Berlin. My experiences during these years, 
in listening to the presentations, in occasional participation in the programs, 
and in enjoying the general fellowship of this Association, are among the most 
treasured memories of my professional career. 

I would like at this time also to express my appreciation to the other 
officers and councilors of the Association for their valued counsel, and especially 
to thank our Secretary. Dr. Langston, and our Administrative Assistant. Miss 
Hanvey. -who have handled the many and varied affairs of our Society in a most 
expert and proficient manner. 


From the Department of Suriren.. Uimer^itj of Chicago, Cbic?iro, 31L 

°‘ f The Amer,can A « oc,at ‘“ Thoracic 
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In deciding upon a subject for this occasion, various educational, historical, 
and scientific problems presented themselves. Provocative questions were not 
lacking in any of these areas. The subject I have chosen is one that first 
interested me over two decades ago at the time of several deaths following total 
pneumonectomy. Autopsy findings hi these cases were those of cardiac failure, 
although no primary cardiac lesion was found. At that tune, total pneumo¬ 
nectomy was the only curative type of surgery considered for primary carcinoma 
of the lung. 

Although much concern regarding pulmonary function and reserve was 
expressed in early medical history, the full significance of this matter was not 
appreciated until the years of development of modern thoracic surgery. The 
delay in an understanding of this problem was due partly to the difficulty in 



Fig. 1 . Roentgenogram of chest of a 63 -year-old white man and data shoeing decree 
of desaturation of blood 0x3 pen -i hours following a right pneumonectomv. A satisfactory 
rise in arterial oxygen saturation was obtained by the administration of onlv’ 2 J 4 L. per minute 
of 0x3’?on flow via an oropharyngeal catheter. Jsote changes in pulse and respiration closdi 
following the changes in arterial oxygen saturation. 


evaluating pulmonary reserve, which later was forced upon us (partly by tried 
and error) with the evolution of modern pulmonary surgery. It is now ap¬ 
preciated that this problem is not confined only to puhnonarv resection, but 
also to other intrathoracic surgery, as well as in the general field of surgery, 
especially in the elderly or poor-risk patient. Interference with pulmonary 
ventilation following a general anesthetic and major operation in the older age 
group, or in the obese patient, tends to encourage the retention of bronchial 
secretions with resultant patchy atelectasis. This in turn may lead to increased 
pulmonary vascular l’esistance, as well as to hypoxia, which results in increased 
strain on the right- heart. Evidence that this occurs quite frequently was 
demonstrated repeatedly in a study of a series of 50 patients who had under¬ 
gone major surgery. The average level of arteiial blood oxygen on the first 
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day after operation was 88 per cent as seen in Pig. 1, with a range of 80 to 92 
per cent. This could be readily corrected by the nse of small amounts of 
oxygen a dminis tered through an oropharyngeal eatheter. As little as 1 to 2 1>. 
of oxygen flow per minute usually led to a desirable level of blood arterial 
oxygen. In the series of patients studied, some degree of hypoxia of clinical 
significance usually persisted for several days after surgery, the amount grad¬ 
ually decreasing as the patient became more active. 1 

The dangers accompanying decreased pulmonary reserve were recognized 
by the ancient Greeks. However, they understood relatively little of the under¬ 
lying principles upon which this danger was based. As early as the 16th 
century, some knowledge of the influence of altered intrathoracie pressures on 
cardiorespiratory function was gained from animal experimentation. 



2.-—Andreas Vesalius (1514-1561), famous anatomist at the University of Padua, and one 
of the first medical scientists. 

Andreas Vesalius,- a Belgian by birth and a noted anatomist and physician 
at the University of Padua, was one of the most outstanding figures in European 
medicine between Galen and Harvey (Fig. 2). Vesalius was an astute ob¬ 
server, an accurate recorder, and an inspiring teacher as indicated by his 
demonstration of altered respiratory function by animal experimentation, much 
as it is being done today, four centuries later. Allow me to refresh your 
memory on his erudite discussion with his students of the dangers of open 
pneumothorax during experiments on rabbits. After exposing the transparent 
Parietal pleura through which the movements of the lung could be seen, he 
showed how the lung would fall away from the side of the chest wall on 
weaking the pleura and allowing the pleural cavity to communicate with the 
outside. If only one side of the chest was involved, the motion of the chest 
remained imehanged. However, if the opposite pleural cavity was opened, 
the lungs are seen as the result of perforation to fall together and collapse' 
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The cardiac motion may not be observed for long, since suffocation of the animal 
will come on account of the collapse of the lungs. In order to restore the life 
of the animal, an opening is made in the upper part of the trachea, into which 
a pipe made from a reed is introduced. When it is breathed into, if the lung 
rises up, the animal receives air. The lung should be inflated to the degree 
to which it occupied the thorax in life. The heart now gathers strength and 
its motion will change beautifully. Therefore, by maintaining repeated in¬ 
flation of the lung, you may have opportunity to examine the motion of the 
heart both by touch and sight as much as you desire.” Thus, it is quite obvious 
that this great anatomist and scientist fully understood the ill effects of reduced 
pulmonary reserve. It is also obvious from his description of the experiment 
that a means of avoiding these untoward results, or of overcoming them once 

plTtb. IWfff'SfntTTnm 1 der Untrhlroelnrirkung: nacb Sunawr-caTj 



Fig- 3—Negative piessure loom >Iexe'opeil b> Sauerbruch foi intiathoracic operations on am 
mals V s-innlai room was constructed foi clinical use (after Sauerbruch) 

they were established, was possible through the use of positive pressure intin- 
tracheal insufflation. It seems incredible that the dangers associated with open 
pneumothorax continued to be remembered for four centuries, but that the 
principle involved in the method overcoming or obviating these hazards was 
forgotten, or at least was not associated with thoracic problems. 

Methods, procedures, and even principles seem to have a way of being 
rediscovered again and again, and so it was with this medical problem. Three 
centuries later, in 1903, Johann von Mikulicz, the noted German surgeon at 
Breslau, visited William Worrell Mayo at Rochester and discussed problems 
involved in surgery of the esophagus. Following this visit, he set his young 
assistant. Ferdinand Sauerbruch, at. that time a young doctor of 27 years of 
ao-e. to investigate methods of making intrathoracic surgery a safe procedure, 
with relativelv little hope that a solution could be found. As a result of 
Sauerbruch's Work, a negative pressure chamber was constructed in which 
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open-chest operations could be safely performed under reduced atmospheric 
pressures 3 - 4 (Fig. 3). When Brauer demonstrated that positive pressure in¬ 
sufflation of the lungs gave satisfactory results and was a far more practical 
arrangement, this type of anesthesia supplanted the negative pressure chamber. 
The work of Meltzer and Auer soon followed and, after overcoming certain 
inertia, led to the establishment of anesthetic methods and procedures in common 
use today. 5 

Although resection of an entire lung had been accomplished in animals 
as early as 1492 by Rolandus, 6 it did not become an established clinical pro¬ 
cedure until in the early 30’s when reports of a total pneumonectomy were made 
independently by Haight, 7 Nissen, 8 and Graham. 9 Two main factors repsonsible 
for the long delay in this field of surgery were (1) a lack of complete under¬ 
standing of altered respiratory physiology during an open pneumothorax, and 
(2) the delayed development of anesthetic methods and techniques presently 
used in this field. Thus, in spite of observations made by Vesalius in the 16tli 
century, almost four centuries elapsed before clinical use was made of this 
information. 

With the operative risk associated with pulmonary resection reduced to 
an acceptable status, this field of surgery was extended to include resections of 
parts of both lungs usually performed for bilateral bronchiectasis. Eloesser 10 
in 1933 was the first to report such a ease, followed by Overholt 11 in 1937 with a 
report of a tri-lobectomy. In 1940, Graham 12 posed the question, "With how 
little lung tissue is life compatible?” At that time he reported the results of 
surgery in a patient in whom both lower and middle lobes were resected, the lin¬ 
gula on the left being considered as a left middle lobe, with only the two upper 
lobes remaining. Pulmonary resection was extended even farther in this patient, 
in whom, in addition to the four lower lobes, a portion of the right upper lobe 
was also excised for emphysematous blebs and bullae which had developed in 
association with bilateral bronchiectasis (Fig. 4). Reimann 13 and his co-workers 
have demonstrated on dogs that overdistention of the remaining lung tissue 
following massive reduction of lung capacity, such as by total pneumonec¬ 
tomy, is not accompanied by any significant increase in pulmonary resistance. 
Even with reduction of lung capacity to one upper lobe or 15 per cent of 
the normal, pulmonary artery pressures were no greater in the overdis¬ 
tended state than in the normally expanded state of the remaining lung 
tissue. These results corroborate those of Charbon and Adams 14 who found 
that filling of a pleural space with a plastic prosthesis following pneumo¬ 
nectomy did not improve the survival rate following further reduction of 
lung capacity to 15 per cent. Instead, he obtained no survivors at all in 
a group of 12 dogs, whereas, when no prosthesis was used, 4 of 13 dogs 
survived for weeks or months following operation. Graham’s posed ques¬ 
tion was a very pertinent one and required further investigation in the labor¬ 
atory. l n experiments on dogs, reported by Phillips 15 and Rasmussen 10 and 
he,r associates, pulmonary capacity was reduced successfully to the right 
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upper lobe or approximately 15 per cent of the original lung capacity. To accom¬ 
plish this, it was necessary to reduce lung capacity in stages extended over a 
period of several weeks. This was accomplished by a combination of resection 
of the lower lobes as the first stage, and later occlusion of the bronchi to the 
remainder of the lung with the exception of an upper lobe, and subsequent 










r *-> 






j'? 







- • 


c., *. >. 

_i>’- . ' * 






/•: y 




w i£r 4 —Roentgenograms of chest of a 33-> ear-old white man which show f--U norma 
„„c,,.™nn erior riew of chest exhibiting bilateral emphysema in the lower lung fields; (B\ 
posteioanteri r bronchiectasis with complete collapse of both lower lobes and the rig !' 1 

S-eilasinvolvement of the left upper obe ; and fC) and (D) x-ray Appearance 
middle lobe, as well .s er , obes the right middle lobe, as well as the lower portion of the 
after resection of bullous eniphvsema, and resection of the lingula of the left unoer lobe 
right npper obe for bullous emp^..^ ^ due t0 infection gradually o?er a period of years: 
compeniati^n Tv adeqiiate to obviate serious cardiopulmonary symptoms following bilateral 
resection). 







PRESIDENTIAL. ADDRESS 


147 


Vo! 40. No 2 
August, 1960 


collapse of those lobes by absorption of the entrapped air. Carlson and his 
co-workers, 17 at a later date, were able to accomplish this marked reduction 
in capacity to 15 per cent by a staged resection of the remaining portion of the 
lung. However, only 4 of 13 animals survived this method; the remainder 
died of excessive (right) heart strain (pulmonary artery pressures were in¬ 
creased by 100+ per cent). Thus, the dog’s ability to tolerate marked reduction 
of lung capacity was governed, at least in part, by the rate at which the 
diminution was made. Furthermore, when a small physiologic shunt lemained, 
such as that represented by the remaining atelectatic lobes, the risk of i educing 
the capacity to this small amount was lessened (Fig. 5, A). 



Fig 5A —Tw o bronchograms of a dog made after a staged reduction m lung capacity by 
a combination of surgery and bronchial stenosis On the left, the capacity has been reduced to 
both upper lobes and the right middle lobe or approximately 38 7 per cent of normal through 
bilateral excision of both lower and the right accessory lobes On the right, the capacity has 
been further reduced to only the right upper lung lobe or approximately 15 per cent of normal 
through bronchial stenosis of the right middle and the left upper lobes By staging the reduc¬ 
tion of lung capacity slowly, this animal was able to tolerate reduction to only this small per 
cent (From Rasmussen et al 16 ) 


Following this marked reduction in capacity, these animals appeared to 
be healthy, remained well nourished, and were able to tolerate moderate exer¬ 
cise. They were usually active in the kennel and, although somewhat dyspneic 
on exercise, did not show evidence of cyanosis. Upon sacrificing such an 
animal having only 15 per cent of his original lung capacity, the remaining 
lobe was found greatly overdistended and, on microscopic examination, re¬ 
pealed some fragmentation of the peripheral respiratory emits (Fig. 5, B ). 
I his, however, did not represent a time emphysema since no increase in fibrous 
tissue in the alveolar walls was observed. In spite of this marked alteration 
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of microscopic appearance, these animals tolerated a rarefied atmosphere re¬ 
markably well. A test of their tolerance to such a situation was made by 
placing them in an evacuation chamber and reducing the pressure therein 
until consciousness was lost. When normal dogs were subjected to this pro¬ 
cedure they were able to tolerate a reduction in pressure to approximately 
221.6 mm. Hg (comparable to an altitude of 30,400 feet and 6.25 per cent 0-), 
or a pressure similar to that tolerated by man before losing consciousness. Dogs 
with only three functioning lung lobes, or approximately 38 per cent of normal, 
had the same tolerance. When the one-lobe dogs (15 per cent of normal) were 



Fig-. 5 B .—Microscopic appearance of a dog's lung following reduction in pulinonarj ca 
pacitv to one upper lobe or 15 per cent of normal. Note marked tendency to overdistenuui 
of terminal respiratory units, especially at the peripheral portion of the lung, with 
dilatation of terminal respiratory units. Definite compensatory emphysematous changes 
seen in the alveolar ducts and sacs; however, no increased fibrous tissue production is pre.en. 
{Left. XT— Right, X20; both reduced yr.) (From Rasmussen. 15 ) 

subjected to this test, consciousness was lost at 270 mm. Hg (altitude of 25,833 
feet and only 7.75 per cent 0 2 ), thus demonstrating a remarkable ability 7 to 
oxygenate the blood with but a small amount of functioning lung tissue 
(Table I). Although these animals appeared well for a few weeks or months 
following these experiments, most of them died much earlier than would have 
been otherwise expected. At the time these experiments were made, the mech¬ 
anism of death was not well understood. 

The ability of human beings to tolerate marked reduction in pulmonary 
capacity has been repeatedly demonstrated by the use of bilateral pneumothorax 
in the treatment of pulmonary tuberculosis. Here again it was necessary 
gradually to produce collapse in order to avoid cardiopulmonary distress. An 
example of this marked reduction in capacity tolerance is illustrated by a 
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Tabu: I. Respiratory Reserve at Rest as Determined by Reduction or Atmospheric 

Pressure 


STANDARD 

atmospheric 

PRESSURE 


ALTITUDE 

FEET 

PRESSURE 
MM. Eg 

0 

760 

1,000 

733 

5,000 

632.4 

10,000 

522.6 

15,000 

428.8 

20,000 

349.2 

25,000 

282 

30,000 

225.6 

35,000 

178.7 

40,000 

140.7 


condition of animal 

AND % OF 

functioning lung 


Normal (6 lobes) 
100 % 


3 lobes 
38% 


2 lobes 
23% 


1 lobe 
15% 


NO. 

OF 

DOG 


1 

2 

3 

4 
4 

917 

993 

3 

637 

871 

636 

869 

635 

621 

695 


ALTITUDE 

TOLERATED 


30,500 

30.500 

29.500 
32,000 

29.500 

32,000 

32,000 

25,000 

31,000 

30,000 

27.500 

24.500 

26,500'* 

25,0001 

26,000 


TIME 

OF 

ASCENT 

MINUTES 


ALTITUDE 

FEET 


10 

10 

10 

8 

11 

6 

7 

7 

9 

9 

4 
6 

5 

6 

10 


AVERAGES 


PRESSURE 
MM. Hg 


30,400 

30,000 

26,000 

25,833 


221.6 


225.6 


269.8 


272 


Table shows respiratory reserve at rest during the lowering of pressure in an evacuation 
chamber in dogs with normal lung capacity as well as with reduced lung capacity to 3o, Zi, 
and 15 per cent of normal. Note marked degree of tolerance to rarefied atmosphere with 
lower oxygen available to animals with only 15 per cent of original capacity. The percentage 
of oxygen available at 30,000 feet altitude or 230 mm. Hg pressure is approximately 6.4 per 
cent, whereas that available at 26.000 feet altitude or a pressure of 270 mm. Hg is approxi¬ 
mately 7.7 per cent. (From Rasmussen et al. 16 ) 

•Failed to recover. 

tDid not become unconscious. 


patient treated by Dr. Victor S. Kandolph.. A roentgenogram of tbis patient 
taken at the end of deep expiration showed scarcely any inflated lung tissue. 
The second view taken at the end of deep inspiration revealed relatively little 
functioning lung on either side (Fig. 6). During this phase of the patient’s 
treatment, lie was at bed rest and therefore the requirements for oxygen were 
considerably reduced. (This was a young adult male patient and therefore 
the lung tissue might be expected to tolerate a greater degree of collapse than 
in an older individual.) 

From the evidence these patients revealed and the results of animal experi¬ 
mentation, it appeared that total pneumonectomy was a procedure that should 
be well tolerated with little risk to the patient. In normal, healthy animals, 
this has been proved beyond a doubt. Likewise, in the younger individuals, 
cardiopulmonary function has been repeatedly demonstrated to he quite ade¬ 
quate, not only while at rest, hut also sufficient to insure a relatively normal wav 
of life. 

However, as more experience in this problem was obtained, the mortality 
rate of this operation in older people (above 60 year's of age) was found to 
he definitely increased. Furthermore, the cause of death in some patients was 
inadequately explained by the results of pulmonary function studies prior to 
surgery. This led to further investigation of the problem on dogs, in which 
pulmonary resistance and pulmonary flow rates were correlated with pulmonary 
function values before and after varying degrees of reduction in lung capacity. 18 
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It was fully appreciated that in animals only relatively normal lung tissue 
was involved, whereas in clinical cases, dealing with inflammatory, neoplastic, 
or degenerative disease, a combination of changes in lung tissue structure, 
as well as function, might very well plaj r an important role. These experi¬ 
ments revealed that when a dog’s lung capacity was rapidly reduced to 15 or 
20 per cent of normal, pulmonary vascular resistance was more than doubled, 
and that an intolerable level of pulmonary hypertension occurred in a high 
percentage of animals. Furthermore, it was found that a demand for increased 
cardiac output during exercise further increased the degree of cardiac strain. 



Fig-. 6.—Two roentgenograms of the chest of a young, white man taken during d?ep 
expiration on left and on deep inspiration on right. This patient was being treated for 
pulmonary tuberculosis by bilateral pneumothorax. Note marked degree of collapse oi 
lungs by therapy. Since the requirements for oxygen at rest were quite low and since tins''" 
a relatively young individual, this marked degree of reduction in lung capacity was toierau- 

On the other hand, blood oxygen saturation suffered relatively little (5 per cent) 
while the animal was at rest, even with reduction of lung capacity from 50 to 
15 per cent. During exercise, the saturation level dropped precipitously hut 
could be restored to normal immediately by the administration of oxygen 
(Fig. 7). 

In patients with bilateral alteration of the lung which is due to inflam¬ 
matory, degenerative or other conditions, the pulmonary vascular resistance 
may be increased by as much as 100 per cent. This is especially true in the 
so-called older age group. Thus, removal of an entire lung may carry con¬ 
siderable risk. In nonmalignant disease it is frequently possible to limit 
pulmonary resection, thus preserving maximum lung capacity. However, m 
the case of malignant lesions, it has been generally believed that removal of 
the entire lung along with adjacent tumor-bearing tissue is the operation of 
choice, when it can be tolerated by the patient. In patients of this older age 
<*roup * with an already reduced pulmonary reserve, a sudden additional reduc¬ 
tion in lung capacity by pneumonectomy may lead to an intolerable degree 
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of increased cardiac strain due to increased pulmonary vascular resistance 
without lowering blood oxygenation to a dangerous level. Postoperative altera¬ 
tion in pulmonary tissue and chest wall function may well augment the serious 
degree of increased pulmonary vascular resistance produced by pulmonary 
resection. Since the risk of pneumonectomy is increased in the older age 
group having poor pulmonary reserve, repeated attempts have been made to 
determine the “resection tolerance” of such patients prior to surgery. Studies 
made by a number of investigators 19 have increased our knowledge of factors 
concerned with this problem. In the past several years, special attention has 
been given to the problem of changes in pulmonary vascular' resistance attending 
the resection of lung tissue both in animals and in man. 20 



Fig. 7.—Dog: 737—March 25, 1952. Continuous recording oximeter tracing of oxygen 
saturation in the dog during reduction in pulmonary capacity from 50 per cent on the left to 
lo per cent by suddenly obstructing the bronchus and vessels to all except one upper lobe at 
Point B. Saturation levels, right ventricular pressures and other data are indicated below the 
tracing. The record reveals a marked elevation In right ventricular pressure from 53 to 69 cm. 
or water with reduction in lung capacity from 50 per cent at A to 15 per cent at B and C. 
Dxygen saturation during this period was reduced by only 5 per cent. The effect of exercise 
oegun at O on oxygen saturation as well as right ventricular pressure Is demonstrated. When 
oxygen was given by nasal catheter, the saturation level became suddenly elevated to normal; 
however, right ventricular pressures remained high. (From Adams et al. u ) 

In young, healthy people, both pulmonary function studies as well as 
pulmonary vascular data show a considerable range of safety in the majority 
of eases following total pneumonectomy. Blood oxygen saturation is usually 
normal during the resting state and shows only mild elevation during exercise. 
The cardiac output is likewise normal at rest, and increases in a normal manner 
with exercise. The following patients will serve as examples of fairly character¬ 
istic responses following pneumonectomy in older people. The fatalities which 
occurred in Cases 1 and 2 were due to intolerable pulmonary hypertension and 
cardiac failure, occurring 19 and 11 days, respectively, following pneumonec¬ 
tomy for malignant disease. 

Cass l.—The first patient (O. C., Case 1) was a 66-year-old white man whose pulmonary 
unction studies mndo before operation showed a moderate reduction of ventilatory capacity, 
g 1,1 ° tlmo of sur 6 cr y, preocclusion pressure of the pumonary artery showed a mean of 
Cm ' 0f v, ' ntcr ' Tll >s pressure rose to 53 cm. of water after occlusion of this artery. 

0 surgical procedure was tolerated quite well and his immediate postoperative course was 
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quite satisfactory. Oximetric studies revealed decreased saturation of blood oxygen; how¬ 
ever, this was easily corrected with a very low flow of oxygen via oropharyngeal catheter. 
Although the patient was digitalized, liis condition did not improve and he died on the 
nineteenth postoperative day of cardiorespiratory failure (Fig. S). 

Case 2. The second patient (E. B., Case 2) ms a 59-year-old white man who under 
went a total pneumonectomy for primary carcinoma of the left lung involving the left chert 
wall. The general physical examination of tiiis patient showed him to be in relatively good 
condition prior to surgery. Likewise, pulmonary function studies revealed only mild to 
moderate reduction in functional values. During operation, preocclusion pressures were 

- - 



Fig: S —Case 1 (O C) Roentgenogram 


bronchogenic 


rarrinoma of tho »inn~ ' n*»to 0,111 chest which reveals a 

carcinoma oi uie ii & ni. “ in n- uata on noht were obtained 13 dav<? following - sur^erv, except 
for preocclusion and postccclusion pressures of pulmonarvarteryat the tta of surged. Note 
lower oxygen saturation to SO per cent which was elexhted to a satisfacTorv levcl with only 
1 L,. per nnnute of oxygen flow via an oropharvneea 1 r-nfilhVhi >, a yatisiactorj ie\ci > . nt i, 
day after operation of cardiac failure. S catheter. Death occurred on the nmteenu 


4S/12 mm. Hg. Following occlusion, tlie pressures rose to 60/12 mm. H<r. Because of this 
high pulmonary tesistance, he was started on prophylactic digitalis. He appeared to be 
progressing satisfactorily, although the electiocardiogram revealed some premature auricular 
beats. His convalescence on the fifth postoperatne day was quite satisfactory, the blood 
oxygen saturation being 93 per cent on air with an elevation to 9S* per cent ’on oxygen. 
X-ray studies showed a satisfactory postoperative appearance of the chest By the ninth 
postoperative day, he became rather lethargic and again showed evidence of auricular 
fibrillation. The oxygen saturation studios still remained good, being 95 per cent on air 
and 100 per cent on oxygen on the tenth day. On the following day, he suddenly became 
quite dyspneic and died (Fig. 9). 

Case 3 .—This next case is presented to indicate how data from pulmonary function 
studies appeared unsatisfactory, whereas those obtained from investigation of pulmonarv 
circulation proved to be quite adequate, and where the results of surgery were satisfactory. 
This patient was a 63-year-old white man (H. M„ Case 3) who had luid a pneumonectomy 
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for a primary carcinoma of the left lung. Pulmonary function studies showed relatively 
normal "Story values, but an increased residual volume and a markedly decreased 
maximum mid-expiratory flow, and timed vital capacity was definitely belou norma - Circu 
latorv studies on this patient showed a normal pulmonary artery pressure both at rest 
durin- exercise before operation. Likewise, aiterial oxygen saturation was uitlun atisfac o _J 
Urnits° Pulmonarv vascular resistance decreased during exercise while cardiac output increased. 
This patient underwent a left pneumonectomy without difficulty The ~ pvdmmiary 
artery pressures have remained about the same during the 4-month period of studj s 
operation. The pulmonary vascular resistance has continued low and has permitted an 
adequate increase in cardiac output without the necessity of increased pulmonary aiterj 
tension. 



Pin. 9.—Case 2 (It K ). Roentgenograms of the chest made before and following a left 
pneumonectomy. Preocclusion pressures were 1S/12 and postocclusion GO/12 mm. Hg. Oxygen 
saturation levels were quite satisfactory both before and follow ing surgery. The patient died 
on the eleventh day alter operation of caidiac failure. 


Case 4.—This next patient demonstrated opposite results during study before operation, 
that is, the results of pulmonary function studies were excellent in all respects and tended 
to indicate that the operation would carry little risk. He was a 61-year-old white man 
(J. D., Case 4) in whom a pneumonectomy for primary carcinoma of the right lung was 
done. At surgery, the preocclusion pressure in the pulmonary artery was found to be 
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double the normal value. After occluding the artery to the side to be removed, this pressure 
increased 10 to 15 per cent. Because of the location of the tumor, it was necessary to do 
a total pneumonectomy. In view of this patient’s marked pulmonary resistance and pul¬ 
monary hypertension, all precautions were taken to bring him through the postoperative 
period. This included a tracheostomy, oxygen therapy, absolute bed rest, and digitalization 
of the heart. He responded in a satisfactory manner and was kept on this routine for 
4 weeks. At this time, a study of his lesser circulatory values revealed approximately tie 
same findings as at the time of operation. Mild exercise increased these pressures materially. 
Repeated tests made at 2 and 4 months after surgery showed a gradually decreasing level 
of pulmonary artery pressures with relatively normal blood oxygen saturation. However, 
as the pulmonary artery pressures were reduced in amount, the cardiac output was likewise 
reduced, indicating a remaining high pulmonary resistance. Tibs patient was allowed to 
go home 6 weeks after operation and was readmitted for these studies. Shortly after 
returning home on the last occasion, he suddenly died. He had been receiving x-ray therapy 
for metastases and it was felt that spread of the tumor may have played a role in tie 
gradually diminishing cardiac function. 

CHRONIC PULMONARY HYPERTENSION 

After patients have survived tiie ablation of an entire lung, the question 
might be raised, “How well will this reduced pulmonary capacity be tolerated 
during later life?” Should the patient change his occupation if it requires 
strenuous exercise or work and lead a more sedentary type of life ? What may 
be anticipated in the way of life expectancy? It is well known that some 
patients may continue their normal occupation for many years without difficulty 
On the other hand, either shortly after operation or at some period of years 
later, so-called “pulmonary cripples” have developed with complete incapacita¬ 
tion and reduction of the normal life span. 

In order to answer some of these questions, a study was begun some 10 
years ago and accelerated during the past 3 years with financial aid from the 
American Cancer Society. This has enabled the collection of considerable data 
on 55 patients whose operation had been performed up to 16 years before the 
study. These patients were admitted to the hospital for a period of 2 or 3 
days during which time a detailed investigation included (1) securing data 
for clincial evaluation, (2) measurements of various aspects of pulmonary 
function, and (3) obtaining pressure flow values of the lesser circulation. 
A correlation of the results from each evaluation was made. These detailed 
studies extended from a few weeks to several years following surgery, in 
addition to studies made prior to operation and at the time of operation. The 
results of this study to date would indicate that in general the younger age 
group of patients, namely, under 50 years of age, revealed little or no difficulty 
in either pulmonary or vascular reserve during the several years after operation. 
Functional studies showed some decrease in ventilatory capacity; however, dif¬ 
fusion ability remained normal and adequate, permitting reasonable degrees 
of exercise or work. Likewise, pulmonary-circulatory studies showed normal 
resting pressure flow values with only moderate elevation of pressure on exer¬ 
cise (Fig. 10—J. E, Case 5). Some of these patients have been followed 
over a period of 4 or 5 years, and the pulmonary and circulatory determinations 
have remained approximately constant. On the other hand, some patients under 
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the age of 50 remained healthy and active for a period of 5 to 10 years at which 
time they began to develop symptoms of cardiopulmonary insufficiency when 
active, and subsequently became decompensated, as indicated by the following 
example. 

Case 6. —This patient was a 56-vear-old white man (O. L., Case 6), who, 11 years 
previously at the age of 45, had had a right pneumonectomy for bronchogenic caicmoma 
of the lung. After operation, he had an uneventful convalescence and was followed in 
the Out-patient Department. Eight years following pneumonectomy he began showing 
signs of increasing pulmonary insufficiency' with marked dyspnea, orthopnea, and chronic 



FUNCTIONAL CLASS I. 

T.L.C. • 

V.C. 

R.V. 

M.B.C. 

1 sec V.C. 


Pu I m. Art. Press. 

Art. O 2 Sat. 

Pulse Rate 
02 Consumption 
Cardiac Output (L./min.) 


3.85 L. . 

2.05 L. (68%) 

1.5 L. 

57.0 L./min. (60%) 


74% 


Rest 

Exer. 

25 

ir( 14 > 

ft (25) 

95% 

97% 

110.0 

146.0 

235.0 

579.0 

5.5 

9.3 


Fig. 10 .—Case 5 (J. Iv.) Roentgenogram of chest and data collected from cardio¬ 

pulmonary evaluation on a 37-year-old white woman 3 years after a left pneumonectomy. Note 
relatively good pulmonary function values, satisfactory arterial oxygen saturation levels at rest 
and during exercise, normal cardiac output response to exercise with only moderate increase in 
pulmonary artery pressure as compared to that of the resting state which is at a normal level. 

T.C.L. = total lung capacity; V.C. = vital capacity—per cent of normal predicted for 
subject with two lungs; R.V. r= residual volume; M.B.C. = maximum breathing capacity—per 
cent of predicted value for a normal chest with both lungs ; 1 sec. V.C. = per cent of the vital 
capacity expired in the first second: Pulm. Art. Press. = pulmonary artery pressures (mm. Hg) 
vmean pulmonary artery pressure in parentheses) ; Art O- Sat. - arterial oxygen saturation; 

’- Consumption = oxygen consumption (ml./min.). (From Harrison et aIV) 


nonproductive cough. On the early morning of admission, he awakened and coughed up 
two or three tablespoons of bright red blood. General physical examination showed nothing 
remarkably' abnormal. However, cardiopulmonary function evaluation revealed lowered ven¬ 
tilatory values, blood-oxygen saturation of 90 per cent, and a right ventricular pressure 
of 56/0 mm. Hg. A moderate degree of exercise for one minute lowered the saturation 
to 86 per cent and elevated the right ventricular pressure to 85/0 mm. Hg. This patient’s 
condition has continued to worsen and he is at the present time a pulmonary cripple, being 
unable to tolerate more than walking across the room. 

In still other patients, cardiopulmonary' insufficiency appeared and was 
markedly accentuated during mild upper respiratory infections. The following 
case illustrates this point. 

Case 7. This patient was a 61-vear-old white man (L. It., Case 7) who had had a 
't pneumonectomy for bronchogenic carcinoma 13 % years previously at the age of 47 
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Two years later, an empyema developed in tlie right chest for which a Schedc thoracoplasty 
was made. Dor 10 years following pneumonectomy he was able to do full-time office work 
without any evidence of a cardiopulmonary problem. At the end of that time, there 
developed one-fliglit exertional dyspnea and a mild nonproductive cough. Physical exam¬ 
ination showed signs of mild decompensation. He had had a mild upper respiratory infection 
prior to admission which had accentuated his dyspnea. Pulmonary function studies showed 
relatively normal values, except for a low maximum breathing capacity. His oxygen 
saturation at rest was 94 per cent. Cardiac catheterization showed a pressure of 35/0 
mm. Hg. With only moderate exercise, his pressures elevated to 84/0 mm. Hg and the 
saturation was lowered to 80 per cent of normal. With the subsidence of his upper respira¬ 
tory infection, his symptoms became much relieved and he continued his routine work. 
When the cardiopulmonary studies were repeated 2 years later, 15% years following 
pneumonectomy, the pulmonary function values were somewhat diminished and arterial 
oxygen saturation was 94 per cent. Pulmonary artery pressure at this time was only 
mildly elevated but became almost doubled in amount on moderate exercise. The oxygen 
saturation, however, was not lowered by exercise. This patient has subsequently become 
gradually less able to carry on his work without difficulty. Although not a pulmonary 
cripple at the present time, he has had to reduce his activities and lead a very sedentary 
type of life (Pig. 11, A and B). 

In older patients who underwent surgery after tlie age of 60, acute or 
chronic pulmonary hypertension was more likely to develop than in patients 
under 50 years of age. Although our clinical data are as yet insufficient per¬ 
centagewise for prognostication, patients over 60 years of age are more likelj 
to develop pulmonary hypertension sooner than are those patients whose 
surgery was performed before 50 years of age. This would suggest that if 
surgery is performed in the younger age group, a degree of compensation may 
occur over a period of years following surgery which will offset the development 
of chronic pulmonary hypertension. The following case is an illustration of 
this point. 


Case 8.—This patient was a white man, 66 years of age at the time of pneumonectomy 
(J. S., Case 8), whose convalescence after operation was quite satisfactory. Within 5 , vMrs 
following operation, he began showing an increasing amount of dyspnea on mild exertion. 
Eight years later, he was having much more difficulty and was admitted for study. Pul ' 
monary function data indicated a moderate to severe degree of reduction in maximum 
breathing capacity and timed vital capacity. In spite of this, the oxygen saturation was 
96 per cent. Pulmonary artery pressures at rest were markedly elevated to 75/35 with 
a mean of 48 mm. Hg. On moderate exercise, this rose to 112/45 with a mean of 67, at 
which time the oxygen saturation had dropped to 90 per cent. He was put on digital 
and reduced activity with considerable relief of symptoms. However, in spite of this 
Tegimen, his degree of incapacitation continued to increase. He died suddenly of cardiac 
decompensations, having been a pulmonary cripple during the preceding 4 or 5 years (Fig- 


This study has led us to believe that a number of things may be considered 
when accurate determinations of the pulmonary and circulatory status are 
made prior to, or at the time of, surgery for pulmonary abnormalities. In ^ lC 
case of nonmalignant pulmonary lesions, added precautions may he taken to 
insure adequate cardiopulmonary reserve following surgery. In some con¬ 
ditions, a preoperative period of medical management may alter the pulmonary 
lesion to such an extent that cardiopulmonary reserve may be enhanced and 



Rr. PNEUM. 41 


O 2 Saturation ?4°o 




Rest 


Exercise , Rest 

(2 min.) (9 min.) 


Name: L.R., Unit *294639, Age 61 


CARDIAC CATHERIZATION 5-31-56 


A. 



FUNCTIONAL CLASS III. 

T.L.C. 

V.C. 

R.V. 

M.B.C. 

1 sec V.C. 


Palm,Art.Press. 

Art.O2 Sat. 

Pulse Rate 
02 Consumption 
Cardiac Output (L./min.) 


2.8 L. 

1.2 L. (34%) 
1.6 L. 


31.0 L./min.(34%) 
71% 

Rest 

Exer. 

38 

7l( 2 D 

56 

30<39) 

94% 

95% 

88.0 

116.0 

206.0 

591.0 

3.2 

6.3 


eardiopulnio- 

•in imriAf _. ^•* ) £ > ears DostDnctmionpf'tntnv in?? in tormation obtained 2 


^n a upper C re”pJJ.'^ l ]'^ 1 ^’S 1 ^n 1 rs < p o stp r ncmnonectonn\ Ct The 'data < o'bt«'fSlcd m °2 

subsided. (Same ns P 1n C F^. loo Ctl (B “From'Hwlson^et' a°» t ) ained ^‘e^the’tatect?£n 


(Seme*, lms pauent's infec 
(same key as In Kig. 10.) 


158 


ADAMS 


J. Thoracic an3 
Cardious Surf 


surgery made less hazardous. In a ease of neoplastic disease in which the 
lesion is peripherally located and reserve appears to be limited, removal of less 
than an entire lung may well be adequate for ablation of all tumor-bearing 
tissue. Although total pneumonectomy may be the procedure of choice in 
most of these patients, many long-term survivals have been reported following 
ablation of one or two lung lobes. When it is essential to remove an entire lung 
in patients with low cardiopulmonary reserve, the employment of various 
measures for supporting the individual through surgery may insure a more 
satisfactory result. Since increased pulmonary resistance requires a greater 
right heart load with increased pulmonary pressures for the maintenance of 
adequate cardiac output, reduction of activity through sedentary types of em¬ 
ployment, restriction of other physical activities, and the prevention of pul¬ 
monary infections may go far in preventing the development of a “pulmonary 
cripple.' ’ 
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lowering of pulmonary function values with, however, a normal arterial oxygen sal , 
tion during rest. The pulmonary artery pressuies in this patient were extremely ms« , =on 
became markedly elevated with moderate exercise. (Same key as in Fig. 10.) (From - 
et al. M ) 

The modern trend in pulmonary surgery is to conserve on the amount ° 
lung resected. Furthermore, attempts are made to re-establish functioning 
lung tissue when it has been disabled by disease or trauma. An example o 
this is seen in the use of bronclioplasty following bronchial stenosis due to 
pulmonary tuberculosis. Another example is the re-aeration of an atelectatic 
lung following traumatic stenosis of a primary bronchus. The report given tins 
morning by Dr. Long and his co-workers was another step forward in tiu» 
direction. Progress has been made in this field by several workers - 1-14 "h° 
have reported a number of instances of successful re-aeration of an atelectatic 
lung. Studies have at times not been available by which to determine tl' c 
physiologic status of these re-aerated lungs. It is hoped that in the future 
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surgeons who have this opportunity may make physiologic studies which will 
determine if the human lung reacts in a manner similar to that of the dog’s 
lung in a state of chronic atelectasis. Although the studies reported by Dr. 
Long show that a re-inflated atelectatic lung in dogs has only 25 to 30 per cent 
of its original functional value, nonetheless this small amount of function may 
mean considerable to the individual as cardiopulmonary reserve diminishes 
during later years. Furthermore, the functioning lung tissue would then he 
distributed to both sides of the tracheobronchial tree. 

Time has not permitted giving credit to the many workers who have made 
valuable contributions in this field. This will appear in the published article. 
In addition, I wish to give a full measure of credit to Drs. Harrison, Long, 
Keimann, Benfield, Nigro, Attalla, Borquez Vial, Mikouchi, and Shankarappa, 
who have contributed materially in the investigative work referred to in this 
discussion. "With the continuing increase in life expectancy, this problem in 
connection with lung surgery assumes an increasing importance. Much more 
work needs to be done and a step in this direction is replacement of a diseased 
king by transplantation of a healthy one. Transplantation of liver, spleen, 
idney, lung 35 and other organs has proved to be technically assured. Inroads 
m the problem of the tissue “rejection phenomenon” are gradually being made. 
Fith continued united effort, scientific endeavor, and imagination, what is 
mp'ossible today may be an accepted procedure in the not-too-distant future. 
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T he great privilege of being requested to address, scientifically, this dis¬ 
tinguished Society is an honor to me, to my country, and to my university. 
I have accepted with modesty, not in the hope that my presentation may 
contribute much to scientific knowledge, but rather that this honor may serve 
as a stimulus to further experimentation and research among the young doctor’s 
of my country. 

For this opportunity and recognition for my country, my colleagues, and 
myself, I am deeply grateful to Dr. William Adams, Dr. Langston, and the 
Committee that verified my nomination. Thank you. 


The introduction of extracorporeal circulation and the progress attained 
in this field induced us more than 5 veal’s ago to institute experiments related 
to the application of blood by perfusion to different parts of the body, in an 
effort to detect its possible therapeutic value in diverse pathologic conditions. 

One of the studies which seemed to present possibilities and, therefore, has 
been continued in our laboratory pertains to the application of myocardial and 
encephalic perfusions in various acutely depressed states in which surgery is 
the only curative indication. 


After extended animal experimentation the procedure was applied to human 
patients in an acutely depressed condition, due either to trauma, or to patho¬ 
logic manifestations for which surgery was mandatory. 

Finally, in the past year the procedure has been applied as a depression- 
preventive measure in surgical eases involving major risk. 

This is a report of our experiences and findings to the present time in ani¬ 
mals and human patients. 
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EXPERIMENTAL STUDIES*" 


To date the experiments have been performed on 525 dogs. These animals 
were subjected to massive blood loss by intubation of a large artery, either the 
abdominal aorta or the aortic arch, using a plastic tube introduced into the 
femoral or subclavian artery. The animals were subjected to bleeding and the 
spontaneous emptying of blood through the tube. Suction was then applied 
through the same tube to ensure maximum blood drainage. Blood loss was 
determined by radioactive means employing I 131 and iodized albumin. By this 
method the volume of blood lost was estimated as 90 per cent in some animals 
and 95 per cent in others. It is noteworthy that to obtain this volumetric loss, 
suction was a requisite, as the large vessels mentioned spontaneously cease flow¬ 
ing when the volume of blood loss is between 60 and 70 per cent. 

To avoid coagulation during this and subsequent steps, all animals re¬ 
ceived an intravenous dose of heparin, 2 mg. for each kilogram of weight, before 
arteriotomy. The temperature of the operating theatre was kept at a constant 
27° C., which is our medial yearly temperature. In an attempt to avoid ex¬ 
traneous factors these experimental animals were treated as nearly as possible 
to a normal environment. Only one group, in which the thorax was opened, 
was anesthetized. 

These animals -were subjected to the following observations and controls, 
direct arterial pressure by intubation, electrocardiographic and electroencepha- 
lographic tests, body temperature control, blood chemistry and gasometric 
studies, and control of blood volume loss by the radioactive tests just mentione . 

After obtaining the maximum blood volume loss, oxygenated and heparin¬ 
ized blood, 18 mg. for each 500 c.c., was transfused immediately. 

In 275 dogs the blood was introduced by coronary-encephalic perfusion 
as the initial step, followed by intravenous infusion. In the other group 0 
250 dogs the blood was introduced by intravenous or intra-arterial transfusion, 
both under pressure. The latter animals were used as a control group. 

I. Coronary-Encephalic Perfusion (Fig. 1).—This procedure was used 
in 275 animals. A Sigmamotor pump was used with the Lillehei-DcWall 
apparatus. Later the De Bakey pump, employing the Kay-Anderson app ava ‘ 
tus, was used, and more recently we have constructed a simple pump, us 111 " 
the De Bakey system. The blood was pumped through a plastic tube wide i 
had previously been introduced through a transverse incision in one of tb e 
femoral arteries and carried to the superior third of the descending thoracic 


aorta. 

The amount of blood in each impulse was between 100 and 400 c.c., perfused 
at intervals. Once a normal or almost normal blood pressure level had f> een 
obtained by means of perfusion, the injection of blood was continued intra¬ 
venously in the majority of dogs. In a few animals, intermittent perfusion was 
used to restore the blood loss. 


•The studies on shock verified b> Blalock, Allen, Adams. Lillehei and others, have 
used J the basis for this investigation. The woredepressed- ,s used in cauti™?' considering 
the nature of ovir experiments, but we also use the t\ord shock in our clinical cases. 
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In a group of 25 dogs treatment was administered exclusively by perfusion, 
the blood being totally replaced by this method. With this group the technique 
was changed. The perfusion was accomplished by means of a plastic tube 
with multiple small perforations in the portion which enters the abdominal 
region. 

II. Intravenous and Intra-arterial Transfusion Under Pressure .—Two hun¬ 
dred and fifty animals were treated by these methods. The blood used 
was oxygenated and heparinized. A polyethylene tube, corresponding in size to 
a No. 18 needle, was introduced into a femoral vein or femoral artery for a 
length of 6 cm. 



Fife-. 1. 


results 

A comparison of survival and mortality results obtained to date in different 
groups and observations verified in experimentation follow. 

Control Group .— 

a. Treatment: Intravenous transfusion under pressure immediately after 
blood drainage; 132 animals were subjected to this procedure. Four animals, 
or 3.03 per cent, survived; 128 animals, or 96.07 per cent, died. 

k- treatment: Intra-arterial transfusion, immediately after blood drainage; 
animals were subjected to this procedure. Six animals, or o.OS per cent 
survived; 112 animals, or 94.02 per cent, died. 
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Coronary Perfusion Group .— 

a. Therapeutic application immediately after blood drainage; 200 animals 
were subjected to this procedure. One hundred and eighty animals, or 90 per 
cent, survived; 20 animals, or 10 per cent, died. 

b. Therapeutic application between 1 and 2 minutes after blood drainage; 
15 animals were subjected to this procedure. Eleven animals, or 79 per cent, 
survived; 4 animals, or 21 per cent, died. 



Fig- 2. 

c. Therapeutic application between 2 and 4 minutes after blood drainage, 
20 animals were subjected to this procedure. Six animals, or 30 per cent, 
survived; 14 animals, or 70 per cent, died. 

d. Therapeutic application between 4 and 6 minutes after blood drainage; 
15 animals were subjected to this procedure. Two animals, or 10.3 per cent, 
survived; 13 animals, or 89.07 per cent, died. 

It is interesting to note that none of these dogs, subjected to massive blood 
loss, presented ventricular fibrillation. 

Exclusive Perfusion With Abdominal Multiperforated Tube (Fig. 2). ■ 

We consider oiu- observations of this group incomplete. Taken into con¬ 
sideration was the problem of immediate abdominal irrigation achieved with tlm 
perfusion, so that the blood could pass to the intra-abdominal, coronary, and 
encephalic circulation, simultaneously. 

The number of animals in this group is small in comparison with the other 
experiments, but to date there have been no deaths in the 25 dogs studied- 
Experiences relating to the measurement of coronary, encephalic, and intra¬ 
abdominal fluids are not reported, having been initiated recently and, are there¬ 
fore incomplete. 
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Manometric Studies Eclating to Blood Volume Loss Under l’ sl and Iodized 
Albumin Control .— 

Volumetric losses of from 90 to 95 per cent were obtained in between 8 to 
12 minutes. Arterial pressure dropped to 30 mm. Hg, although wc consider 
the onset of depression to be when the volume of blood loss reaches 40 or 50 
per cent. A pressure of zero was generally obtained when the animal had lost 
from 60 to 65 per cent of its blood volume. Some dogs presented heart arrest 
with very slow respiration when the loss of volume rose to 95 per cent. Several 
recovered spontaneously from the arrest when perfusion was applied. 


mm.Hi. RE.roEX BLOOD 1-058. 


- i ’ ITkTllJ 



n,H|. 2. 60 *OF BLOOD LOSS. 

120 *“ ’ • 1 


L.r c. 



mm.He. *.eO%Or BLOOD LOSS. * 



L lUOr BLOOD LOSS 
120 } " 




-J->-U- 




mtn.Hg S. PERFUSION orZOO.c.e. 

120 ,~FJ 


tnm II|. 6 500.e.c. OF BLOOD PERFUSED. 



mm Hj.^^7jJNORVCAL RECUPERATION.^ 

,20 0 UovxajvAaa 

.1 . — I 1 1 

j- tji Li.ltiVvi ha 

r IT r. I I .IT | er JWTTI I 


Fig. 3. 


Electrocardiographic Studies (Fig. 3).— 

The electrocardiogram generally demonstrates the abatement of the com¬ 
plexes when the volume of blood loss reaches 60 per cent. Inversions of T waves 
were observed when the hypotension was prolonged. The electrocardiogram 
tends to return to normal in relation to the increase of blood volume administered 
to the animal. The improvement observed with perfusion is remarkable, prin- 
eipally in the elevation of the complexes and stabilization of the T wave. We 
believe we have evidence that the electrocardiographic improvement is more 
conspicuous and rapid during perfusion than later after the blood has been 
totally restored. 

Electroencephalographic Studies .— 

The graphic decrease of the complexes during blood drainage, as relative 
orizontal is reached with a blood loss of 95 per cent, was clearly demonstrated. 
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As recuperation is initiated by perfusion, the eleetrocneeplialic curve also re¬ 
covers with the rise in blood pressure. 

JOcsoxy corticosterone Studies .— 

When the systolic pressure of the animal reaches 30 mm. Ilg, the clcsoxy- 
corticosterone shows considerable elevation. Later, as the arterial pressure con¬ 
tinues to drop, the clesoxycorticostcrone descends almost to zero. It rises again 
almost immediately when normal arterial pressure is re-established by the ad¬ 
ministration of blood. We have observed that, once the experiment is terminated 
and the arterial pressure totally restored by Ihc replacement of blood, the 
desoxycorticosterone figure was always less than normal. 



I-’lB. 1. 


CEINICAL EXPERIENCE 

To date, 50 patients have been treated in our surgical services. Perfusion 
was administered by means of a polyethylene or polyvinyl tube which was intro- 
duccd into the first portion of the descending thoracic aorta through a trans¬ 
verse incision of one of the femoral arteries. In 2 cases, a transverse incision 
of the brachial artery was employed. All patients, even if hemorrhagic, were 
previously prepared by an intravenous injection of heparin, 2 mg. for each 
kilogram of weight. In some cases the blood was pumped with the Kay* Ander¬ 
son pump, and in others our own pump was used. In 4 cases, because of 
special circumstances of an emergency character, we were obliged to use a 
100 c.c. syringe to introduce the blood under pressure (Fig. 4). 

In some cases ordinary citratcd venous blood was administered and i" 
others oxygenated and heparinized blood was used. Although to dale it has 
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not been possible to discover clinically any mai'ked difference in tbe employment 
of these two methods, we have the impression from results obtained in animals 
that, in cases of grave depression, there may be some advantage in the rise of 
oxygenated, heparinized blood. 

The amount of blood used varied from 60 e.c. to 1,000 c.c. a minute, de¬ 
pending; upon the case. The total quantity of blood used in a perfusion varied 
from 300 to 1.500 e.c. In all patients, intravenous transfusion of blood was 
continued after tbe arterial pressure rose to between SO and 100 mm. Hg. 

Patients treated in this manner have been divided into two groups. 

Group I. —Acute: 28 patients in shock received treatment as follows: (a) 
traumatic emergency—5 cases, no deaths; (b) transoperative application—1 
eases, no deaths: (e) postoperative application—14 eases, 1 death; and (d) 
post-partum application—a cases. 1 death. 

Perfusion was resorted to after venous transfusion, and. in 2 cases after 
arterial transfusion failed to obtain results. In 2 cases, one a post-partum 
hemorrhage and the other an injury of the subclavian artery, we were obliged 
to open the thorax and apply cardiac massage beearrse of cardiac arrest. A\ e 
believe the important factor in the recovery of both of these patients was that 
the massage, as well as perfusion, was applied in the course of the first few 
minutes after the onset of the arrest. 

Of the 28 patients in group I, 2 died: one after a radical pelvic operation 
and one of a massive post-partum hemorrhage. In both instances shock had 
probably been present for some time. Tbe post-partum patient was brought to 
the city 3 days after the mishap with symptoms of shock for the previous 6 hours. 

After termination of the surgical procedure all patients of grorrp I were 
treated with protamine, 2 mg. for each kilogram of weight. 

Group II .—Preventive Application (Table I): AYe have used this method 
only during the past year. The procedure is applied to patients subjected to 
major surgical interventiou in which the recognized risk of probable shock 
during operation exists, difficult to control by any means known at present. 
This situation is frequently complicated further by tbe precarious general 
condition of the patient which is due to a lifetime of nutritional deficiency. 
Surgical intervention was indicated for various pathologic processes: cancerous 
invasions; pleuropneumonectomy for destructive, toxic 'tuberculosis; massive 
intestinal resection for chrome conditions, such as extensive colectomies for 
ulcerative lesions with persistent hemorrhage, rmresponsive to medical treatment, 
or extensive polyposis of tbe large intestine for which ample resection was in¬ 
dicated. The general condition of many of these patients was deplorable: 
presurgical preparation, although prolonged and including repeated blood trans¬ 
fusion, had proved unsatisfactory. This group was carefully selected, taking 
the shock control factor as the criterion. AYe have systematically refused pre¬ 
ventive application of this method to patients who, although presenting a risk 
0 s ^ oc ^ during operation, have not been considered problems for control hr 
the usual methods of blood transfusion. 
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Table I. Preventive Application 


SURGICAL PROCEDURES | 

NO. OF CASES 

[ DE VTIIS 


Esophagectomies 

3 

0 


Transthoracic gastrectomies 

1 

0 


Pneumonectomies 

3 

0 


Pleuropneumonectomies 

2 

0 


Gastrectomies 

4 

0 


Hysterectomies 

4 

0 


Colectomies 

3 

0 


Splenectomies 

2 

0 


Totals 

22 

0 




Fig:. 5. 


In no patient accepted was the systolic pressure higher than 90 mm. Hg 
after preoperative preparation. The ages varied from 23 to 60 years. The 
procedure used in these cases follows (Fig 5). 

Before surgery, the patient received a dose of heparin 2 mg. for each kilo¬ 
gram of weight. This was followed immediately by a transverse incision in the 
femoral artery in the upper third of the thigh through which the plastic tube 
was introduced and passed to the descending thoracic aorta. This tube is con¬ 
nected to the pump tube, full of oxygenated, heparinized blood, 18 mg. of 
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heparin for each 500 e.c. In some special eases citrated venous blood was trans¬ 
fused by means of a syringe. The surgical procedure was initiated. When 
arterial pressure dropped considerably we perfused from SO to 150 c.c. of blood. 
Almost immediately in most eases, although in some there may be a delay of 
2 or 3 minu tes, the pressure rose until the preoperative figure was regained, 
or rose, in some cases. 10 to 20 mm. Hg higher. After return to normal pres¬ 
sure the application of venous blood was the usual procedure. The perfusion 
may he re-instituted as frequently as necessary when, and if, arterial pressure 
drops. 

In the 22 patients studied with this technique, there has been no inter¬ 
ruption of the surgical procedure, although in each of them perfusion has been 
applied at least four times. Three of these patients presented during surgery 
a systolic pressure reading below 50 nun. Hg eight different times during the 
operation. Perfusion was applied each time, using from SO to 200 e.c. of blood. 

Only in 2 cases did the quantity of blood applied both by perfusion and 
by vein reach 2,000 c.c.—1.000 c.c. by perfusion and 1,000 c.c. intravenously. 
In the remainder-, the quantity of blood employed was between 1,000 and 1.500 
c.c.. the ratio remaining the same—half by perfusion and half by vein. 

In 2 eases the blood was applied solely by perfusion. One of these was 
after a pneumonectomy in a 2-3-year-old married woman, mother of five, whose 
left lung was destroyed by tuberculosis with mediastinal deviation. After 5 
months of preparation, based on specific medication and reconstructive therapy 
to improve her general condition, this patient was brought to surgery weighing 
thirty-eight kilograms, with an arterial pressure of SO systolic and 60 diastolic, 
llassive introduction of blood was not feasible, yet the prevention of shock was 
imperative. Pneumonectomy was performed, only 800 c.c. of blood by perfusion 
being used during the procedure. After surgery, with a pressure of 100 systolic 
and 70 diastolic, the patient was given another half liter of blood; during the 
night another half liter was administered. Two months after surgery this 
patient is progressing satisfactorily. 

The other patient had had a gastrectomy for ulcer and had received only 
fcOO c-.e. of oxygenated blood by perfusion during the surgical procedure. 

All patients were treated with protamine sulfate. 2 mg. for each kilogram 
of weight, immediately after surgery. Xo bleeding complications occurx-ed 
during or after the operations. There were no deaths in this group. 

comment 

Studies carried out in our laboratories and clinical services during the past 
0 years ,eacl os to believe in the possibility of a new application of perfusions 
made available by extracorporeal circulation. 

II e believe that for years all of us have realized the advantages of a more 
effective use of blood transfusions for patients during surgical procedures or in 
Mock. It is indisputable that the intravenous transfusion is a procedure to which 
umanity and the surgeon owes much; hut we are also aware that intravenous 
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transfusion frequently does not fulfill our requirements, and may even compli¬ 
cate certain situations—at times because of an excess of liquid, and again from 
the failure of direct action upon the cardiac muscle and encephalic centers. 
For an intravenous transfusion to reach these centers it is necessary for the 
blood to make a circuit throughout the body from the inlet, first passing through 
the cardiac cavities and the lung's, the myocardium and encephalon receiving no 
blood until after it leaves the left ventricle. 

It may 7 ' happen, especially in shock, that, because of the depressive con¬ 
dition itself, the right ventricle cannot eject or pump all the blood received by 
transfusion; the lungs cannot discharge the contained liquid and the left 
ventricle is also unable to pump properly. It is our belief that this condition 
is reflected in a decrease of the coronary and encephalic fluid, as has been 
demonstrated in many laboratories including ours. We have the firm belief 
that the tonicity and hemodynamic capacity of the ventricles should logically 
be elevated before these cavities receive a quantity of blood to be pumped 
immediately. 

The first procedure which solved, in part, the problem of the blood reaching 
these centers in the form indicated was the intra-arterial transfusion. However, 
our experience, herein reported with the intra-arterial transfusion under pres¬ 
sure and transfusion by perfusion supports the premise that by the intra-arterial 
transfusion procedure a sufficient amount of blood does not reach the myo¬ 
cardium and encephalon. The idea of placing the plastic tube in the superior 
third of the descending thoracic aorta for the transfusion pumped has as its 
objective a major utilization of the fluid by these two centers. We believe that 
a short sound may be used, as in extracorporeal circulation, but in experiments 
we have made in animals, not herein reported, a much larger quantity of blood 
is required. 

It is not our desire to circumscribe the therapeutics in these depressed states, 
e continue to believe that peripheral collapse is an important factor, which is 
the reason we also utilize venous introduction of blood or the abdominal multi- 
perforated plastic tube in perfusion. 

As w e emphasized, from the experimental as well as from the clinical aspect 
the animals tieated to date have been selected to emphasize the following: the 
animals were subjected to massive blood loss, subsequently treated by the intro¬ 
duction of blood, in part by ordinary methods, such as intravenous and intra¬ 
arterial transfusions, in part by coronary-myocardiac and encephalic perfusion. 
We believe more satisfactory results were obtained by the latter method. 
Clinically we observed two acute groups; one in which the usual methods em¬ 
ployed would not have solved our problem, the other a preventive application 
group which contained patients who formerly would have been considered great 
operative risks or even inoperable. 

It is our intention that this report be considered a review of our experi¬ 
mental investigations, interesting only in that it may be an indication for new 
techniques in the problem of utilization of blood in depressed states 
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We extend our deep gratitude to Mrs. Lorraine Small de Chavez for her splendid 
cooperation. 

Heparin (Liquemine) and protamine sulfate were kindly supplied by Hoffman-La Roche, 
Inc., Basilea, Switzerland. 
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TERATOID TUMORS OF THE MEDIASTINUM FOUND 
DESPITE PREVIOUS NORMAL CHEST RADIOGRAPHY 

/. R. Edge, M.D., M.R.C.P., and J. S. Glennie, M.B., F.R.C.S.(Edin.), 

Ul verst on and Blackpool, England 

W e present 2 patients with large teratoid tumors of the mediastinum, which 
were successfully removed 2 and 4 years after chest radiographs, taken 
for routine purposes, had shown no abnormality. 

CASE REPORTS 

Case 1. — J. A. was admitted to Victoria Hospital, Blackpool, on July 1G, 1954, vlicn 
sho was 21 years of age. She gave a history of left chest pain, fever, and effort dyspnea 
for 1 month before admission; toward the end of this time a small cystic swelling appeared 
at the sternal notch (Fig. 1) which, on aspiration, was found to contain opaque fluid con¬ 
taining large numbers of cholesterol crystals, but no pus cells or organisms, and was sterile 
on culture. There was no significant previous medical history. A chest radiograph, taken 
as a condition of her employment 2 years previously, had been normal (Fig. 2). 

On admission to hospital, chest radiography revealed a large mass projecting from the 
anterior mediastinum into the left hemithorax (Fig. 3). The heart was greatly enlarged, 
and, on screening, pulsation was diminished, suggesting a pericardial effusion. At left 
thoracotomy (July 2S, 1954; J. S. Oh), a largo mass with a smooth surface was seen to he 
confluent with the pericardium and the mediastinum. The pericardium was distended and 
100 c.c. of hemorrhagic fluid were removed by aspiration. The main mass was punctured 
and some yellowish granular material with thin, apparently purulent, fluid escaped. The 
mass was firmly adherent to the mediastinum, and was dissected with difficulty. The patient's 
postoperative recovery was uneventful, and subsequent chest radiographs have been normal. 

Macroscopic examination showed a large cyst, measuring 12 bv 11 cm., with flakes 
of bright yellow material adherent to the inner lining. The wall was thickened and fibrosed; 
the cavity was unilocular showing two or three large pockets containing bright yellow 
material. There were two prominent masses of tissue covered with normal skin and hair 
projecting from the inner lining, probably mammillae. A section of one of these showed 
a central core of fat covered with skin; a second mass at the base also contained skin. A 
section of the nail, which was 1 cm. thick, showed marked fibrosis with bright vcllow foci. 

Microscopic examination of a section of the wall showed skin, sebaceous gland, and 
hair follicles. In tho deeper part of the wall there were areas of adipose tissue, lymphoid 
tissue, plain muscle fibers, cartilage, mucus and mixed glands, and one large space was 
lined with respiratory pseudostratified ciliated epithelium (Fig. 4, A and B). There was no 
evidence of malignancy or of inflammatory change. 

Diamosis. —Benign cystic teratoma of the mediastinum. 

From High Curley Hospital. Ulvcrston anil Victoria Hospital. Blackpool. England. 
Received for publication Xov. 10. 19o0. 
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Fig 1—Case 1 The swelling: in the suprasternal notch is shown 



Fig 


Miniature chest radiograph of Julv. 1952, was considered normal 
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Case 1 Posteroanterior chest radiograph made in July, 155J 
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Case 2. —J. P., a 37-year-old foreman shipwright, was admitted to High Carley Hos¬ 
pital on June 16, 195S, with a history for the previous 6 months of intermittent substerna] 
pain, sometimes referred to the right side of the neck and brought on by bending or twisting. 
He was otherwise free of symptoms. There was no relevant previous medical history; a 
miniature radiograph taken in November, 1954, was normal. On admission to hospital, a 
chest radiograph showed a dense lobulated well-defined shadow in the right mid and lower 
zones (Fig. 5, J), and seen on the lateral view to lie anteriorly (Fig. 5, B) and continuous 
with the mediastinum. 

At right tlioracotomv (July 16, 195S; J. S. G.), a large anterior mediastinal tumor 
was found, which did not'involve the lung. This was shelled out without difficulty, and the 
patient’s postoperative course was uneventful. He has since lemained free of symptoms 
and his chest radiograph is normal. 



A. B. 

Fig. 5—Case 2 Lateral chest radiograph (A) and posteroanterior chest radiograph (B) made 

on June 13, 1958. 

Macroscopic examination, showed an encapsulated tumor of ovoid shape, weighing 290 
grams (Fig. 6). It was smoothly encapsulated, but the capsule was roughened by adherent 
pieces of pleural membrane. It measured 10 by 7 by 8 cm. The cut surface showed a 
variegated multieystie pattern; the cysts were small, the maximum measuring 1.5 cm. in 
diameter. Many of the cysts were filled with coagulated mucus and others contained watery 
fluid. The firm tissue varied markedly in consistency and color. In some areas there was 
a marked lipoid element; other parts were composed of very white soft tissue suggestive 
of cerebrum, but others were of much firmer nondescript material. The appearance was 
typical of dermoid tumor. 

Microscopic examination (Fig. 7, A and B) of the tumor showed a capsule of thick 
fibrous tissue, rich in blood vessels. The tumor itself was composed of a multiplicity of 
tissues which had reached an adult form of development, apart from occasional areas 
showing Jess well-differentiated tissue; for example there was one piece looking very like 
embryonic lung epithelium. The following structures could he identified; skin; sebaceous 
g ands and hair follicles; respiratory epithelium; embryonic lung tissue and cartilage; 
nerve brain, and choroid; smooth and striped muscle, fat, vascular channels, and Ivmuhoid 
o licles. Tlic tumor was histologically benign. 
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DISCUSSION 

Rushy 3 reviewed 245 cases of teratoid tumor from the world literature and 
added 7 of his own. He referred to the importance of an increase in size of a 
teratoid tumor as an urgent indication for surgical resection, in view of the 
possible development of malignancy. Eleven and nine-tenths per cent of the 
252 cases proved to be malignant, although this change was not necessarily 
assoeiated with a recognized increase in size. 

More recently, Morrison- found 36 teratoid tumors in a series of 332 cases of 
tumors and cysts of the mediastinum: 3 of 36 were malignant. 

IVe have been unable to find any reference in the literature to the de¬ 
velopment of evidence of a teratoid tumor after previous chest x-ray studies had 
been normal; our 2 cases demonstrate that this diagnosis is not in fact excluded 
by a previous normal radiograph. 

The cause of the quite rapid enlargement of the tumors remains a matter 
for speculation. It must be assumed that an embryological rest was present at 
the time of the normal radiograph: yet after an interval of only 2 years, the 
first patient showed evidence of a cystic tiunor measuring 12 by 11 cm., while 
in a second patient, a tumor, measuring 10 by S by 7 cm., had developed after 
a 4-vear interval. The first tumor contained one large cystic space, while the 
second contained numerous small cysts and much solid tissue. 

In neither tumor was there any evidence of malignancy or of acute infec¬ 
tion. and it seems that the accumulation of fluid hi the cystic spaces accounted 
for only a proportion of the enlargement noted. 

M'illis 4 points out that in a small proportion of mediastinal teratomas, the 
pericardium is involved, as in our Case 1, and adds that the majority of these 
patients present symptoms in infancy or cliildhood. Discussing the maturation 
of tissues in teratomas, he says. ‘"Malignant teratomas contain embryonic tis¬ 
sues of varying degrees of immaturity, often along with maturing and well- 
differentiated ones. The mixture of differentiating tissues of all ages is one of 
the most striking features of actively growing teratomas. Now, while the pres¬ 
ence of immature tissues in a teratoma in an adult is clear evidence of its con¬ 
tinued proliferation and probable malignancy, this does not necessarily apply 
to a similar growth in a foetus or young infant, whose own normal tissues are 
themselves still immature." The lack of evidence of malignancy in our cases 
is notable, although some immature tissue was found in the specimen of Case 2. 

The appearance of a cystic swelling in the suprasternal notch in Case 1 
appeare to be somewhat unusual, although Hedblom 1 ref era to 19 similar in¬ 
stances collected from the literature. 

SUMMARY 

0 Two patients are described from whom large teratoid tumors were removed 
-years and 4 years after a routine chest radiograph had proved to be normal. 

icre was no evidence of malignancy or of acute inflammation in either tumor, 
and the cause of the rapid increase in size remains a matter for speculation. 
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Our thanks are due to Dr. A. A. Miller for the report on the specimen on Case 1, and 
to Dr. A. Rickards for the report on the specimen on Case 2. 
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ESOPHAGOPLEURAL EISTULA AS A COMPLICATION 
OF THORACIC SURGERY 

A Collective Review 

Timothy Takaro, M.D., Harry E. Walknp, M.D., and 
Takeshi Okano, M.D., Oteen, N. C. 


T HE appearance of an esophagopleural fistula following thoracic surgery for 
nonmalignant disease has been rarely reported in this country; only four in¬ 
stances have been recorded to our knowledge. 1 ' 3 When 2 patients with esophago¬ 
pleural fistulas were treated simultaneously in our hospital recently, it occurred 
to us that perhaps this complication was not, in fact, as rare as the paucity of 
reports seemed to indicate. The purpose of this review is to show that this 
complication has followed thoracic surgical procedures in a good man}' centers 
in this country. It is hoped that analysis of all available cases may throw some 
light upon the pathogenesis of this distressing condition and may serve as a 
guide for treatment and, if possible, for prevention. 

A questionnaire was prepared and mailed to 122 thoracic surgeons in the 
United States and to 1 in India, regarding the development of esophagopleural 
fistulas in association with thoracic surgery. Replies were received from 69 
surgeons, 28 of whom answered affirmatively and contributed clinical material 
for this study. 

Data on 33 cases of esophagopleural fistula following intrapleural 4 * surgical 
procedures thus became available for review. Twenty-four of these followed 
a pneumonectomy, all but three occurring on the right side. Five followed 
lobectomies of various kinds. Single instances of fistulas occurred following 
hiatus hernia repair, thoracic aneurysm resection, removal of bronchogenic 
cyst, and lysis of adhesions during intrapleural artificial pneumothorax were 
also reported. 


pathogenesis 

The primary disease was pulmonary tuberculosis in 22 of these patients 
and suppurative disease in 6. A bronchial adenoma accounted for a single 
case, and the hernia, the aneurysm, and the bronchogenic cyst accounted for 
3 others. In one instance, the etiology of the primary disorder was unknown 
to us. 


Prom the Veterans Administration Hospital, Oteen, N. C. 

Received for publication Nov. 12, 1959. 
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In 16 eases, the fistula was diagnosed within 3 months of surgery (within 
1 month in 10 eases). Operative injury to the esophagus was recognized at 
surgery dr autopsy in 5 of these patients. In 3 others it was noted that the 
esophagus was intimately related to the lesion being resected, but no injury 
was recognized. The surgical procedure was difficult in at least 5 other cases, 
a pleuropneumonectomy or a completion pneumonectomy (following a previous 
lesser resection) being the operation performed. One can assume with some 
assurance that surgical trauma contributed directly to the development of 
esophagopleural fistula in most of these 16 cases. The primary disease was 
tuberculosis in only half of them (50 per cent). 

In the remaining 17 cases, the fistula was diagnosed from 3 months to 6 
years following the major thoracic operation, save for 1 ease in which there 
was incomplete data on this point. In these 17 patients, the primary disease 
was pulmonary tuberculosis in 14 (82 per cent). At least 11 were known to 
have developed a bronchopleural fistula and/or empyema postoperative!}. 
Thus, chronic infection almost certainly played a major role in most instances 
in this group. 


INCIDENCE 


One suspects that this complication occurs much more commonly t inn 
the scanty reports in the literature would indicate. Nearly half of the 
surgeons who sent replies to our questionnaire were able to report cases o 
this complication—in some instances, several eases. At the Veterans Admin¬ 
istration Hospital in Oteen, North Carolina, during the past 12 years, 4 eases 
were seen in a group of 934 resections for pulmonary tuberculosis. Most o 
the total of 33 cases collected occurred in the past 5 years. 


CINICAL PICTURE AND DIAGNOSIS 


There appears to be no typical clinical picture of the development of this 
complication. The onset was commonly more abrupt in instances in whic 
the fistula occurred soon after surgery, and more insidious in later-appearm? 
fistulas. Symptoms developing soon after surgery often suggested the clinical 
picture of a bronchopleural fistula or empyema. Fever and chest pain usually 
occurred at the onset-subcutaneous emphysema, occasionally. The finding of 
food particles or previously ingested fluid in pleural drainage was commonly 
the first sign of the presence of a fistula, and is pathognomonic. It was usu¬ 
ally readily verified by the observation in pleural drainage of previously in¬ 
gested methylene blue, or by the ingestion of barium or Lipiodol, and radi¬ 
ography. Severe weight loss and even emaciation were features in some of 
the chronic cases, but these were not constant. 


The level of the fistula, as identified roentgenographicall.y or at autopsy, 
was in the mid-esophageal area at or near the tracheal bifurcation in 15 pa¬ 
tients who underwent resection for tuberculosis, and in 4 others who had non- 
tuberculous conditions (Fig. 1). There were four fistulas in the lower third 
of the esophagus in tuberculous patients, and four in nontubcrculous cases. 
In the remainder, the level of the fistula was not i<wnwi 
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TREATMENT AND RESULTS 

Treatment was varied, and complicated, with multiple procedures in man> 
patients. This makes analysis somewhat difficult. In general, however, direct 
attacks on. the fistula, by suture or by muscle-implants in 8 patients led to 
partial or complete success in 7, with one death. Four attempts to reconstruct 
an esophagus from segments of colon, jejunum, or stomach resulted in fatalities. 
In 10 patients, only chest wall surgery, including drainage, Sckede tho¬ 
racoplasty, etc., were performed as definitive treatment, with two deaths. In 
10 others, definitive surgical treatment (other than jejunostomy or gastrostomy 
in some) was not carried out. In this group there were nine deaths. The 
over-all mortality rate was 49 per cent. 

TYPE I TYPE]! TYPE HI 



Fig, 1,-—Diagram indicating approximate level and side on which SI esophagoplenral or 
extrapleural-esophageal fistulas occurred. Type I: Fistulas following intrapleural operations, 
out including also extrapleural pulmonary resections. Type II: Fistulas following extrapleural 
operations such as thoracoplasty and extra pleural pneumonolysis, but not including extra¬ 
pleural pulmonary resections. Type III: Fistulas following: chronic empyema not associated 
n'ith major thoracic surgery. 


Complete cure, with no residual sinus, empyema space, or fistula, was 
achieved in only 5 tuberculous patients. Chest wall surgery of the Sehede 
thoracoplasty or sinus excision type was performed in 2 cases, and in com¬ 
bination with these procedures, a muscle flap operation, direct closure of the 
fistula and excision and re-anastomosis of the esophagus, were successful in the 
other 3. One nontuberculous patient was successfully treated with closed suc¬ 
tion drainage and another by thoracoplasty. The primary disease in the latter 
was not known to ns. The over-all cure rate was 21 per cent. The remaining 
survivors retained a draining sinus, fistula, or empyema space. These data 
are summarized in Tables I, II, and in. 

case reports 

Case 1.—C. II., a 31-year-old white man, was admitted to the YA Hospital at Oteen 
Yorth Carolina, in 1949 for closure of a Honaldi cavernostomy. 

In 1944, the patient had had resection of a mediastinal neurofibroma from the right 
paravertebral gutter at the fourth thoracic vertebral level, which was “pressing- on the 
esophagus.-’ Recovery was apparently uneventful. The onset of pulmonary tuberculosis 
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Table II. Etiology and Diagnosis, Nonmalignant Esophagopleural Fistulas 







INTERVAL BETWEEN 






SURGERY (OR EMPY¬ 
EMA)* AND CLINICAL 


| ETIOLOGY OF PRIMARY DISEASE | 

DIAGNOSIS OF FISTULA 


PULMO- 

NON- 



LESS 

MORE 


NARY 

TUBER- 



THAN 

THAN 


TUBER- 

CULOUS 



THREE 

THREE 

TYPE OP FISTULA 

OULOSIS 

DISEASE 

UNKNOWN 

TOTAL 

MONTHS 

MONTHS 

I. 







Following intrapleural 

22 

10 

i 

33 

16 

17 

thoracic suigery 







II. 







Following extrapleuial 

33 

0 

0 

33 

4 

29 

thoracic surgery 







III. 






151 

Following empyema not 

10 

20 

5 

35 

14| 

associated with tho¬ 
racic surgeryf 







Totals 

65 

30 

6 

101 

34 

61 


‘Applies only to Type III fistulas 
tExcept drainage operations. 
tData incomplete. 


Table III. Treatment and Results, Nonmalignant Esophagopleural Fistulas 


TYPE OF 
FISTULA 

i MANAGEMENT 

OVER-ALL 

MORTALITY 

RATE 

OVER-ALL 

CURE 

rate! 


! PRIMARILY MEDI CAL t 

NUMBER OF 
PATIENTS 

DEATHS 

NUMBER OF 
PATIENTS 

DEATHS 

i. 

22 

6 

SliHFTiSKii 

9 

49% 

21% 

ii. 

22 

11 

n 

7 

55% 

19% 

in. 

12 

4 

24 

14 

51% 

41% 

Totals 

56 

21 (38%) 

45 

30 (67%) 

51% 

27% 


•Thoracic surgery on chest wall or mediastinum, with and without gastrostomy or 
jejunostomy. 

fWith and without gastrostomy or jejunostomy 

JSurvivors with no residual fistula, sinus, or empyema space 

was in 194S, with bilateral disease, cavitary on the right. An anterior thoracoplast} ami 
cavernostomy followed by two-stage posterolateral thoracoplasty were done at another 
hospital. 

Soon after admission to Oteen, revision of the draining fistula in an attempt to 
close it was unsuccessful. Because of continuing positive sputum for acid-fari bacilli 
the presence of a residual cat lty undei the thoracoplasti, and the draining cavornoriomy 
pneumonectomy was undertaken on Teb 6, 1951. The operation was difficult. There 
was gross pleural contamination in cutting across the fistulous tract. The specimen con 
tained caseocavernous lesions of tuberculosis Approximately 2 weeks later, a broncho 
pleural fistula and tuberculous empyema were drained by a wide open thoracotomy 
resecting portions of five ribs. Fit e months later, food and fluid were noted to be drum 
ing from the thoracotomy wound. A pleuroesophageai fistula at the level of the sii |b 
and seventh thoracic \ertebrae was confirmed b\ barium swallow (Fig. 2). Since Leu" 1, 
tube feedings did not function well, a itrel jejunostonu was done, and a modified 
Schcdo thoracoplasty to obliterate the space was carried out. Tour months after disco' or) 
of the fistula, no more food or fluid was noted to be draining f r0 ni the chest, and ia 
another 2 months the pleural space had completely been obliterated. Nutrition had bcc n 
fnirlv well maintained, the minimum weight (93 pounds) being about 30 pounds belt'"' 
the pre-pneumonectomy weight. At Ins discharge 10 months after the fistula appeared 
his weight was 110 pounds. 
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He was seen again 6 years later, still thin, but fairly active. The right chest wounds 
had remained healed. Cold fluids produced a cold sensation over the thin skin covering 
the right mediastinum and chest wall. A barium swallow still showed marked diverticu¬ 
lum formation at the same level as noted i years earlier (Fig. 3). 

C XSE o._g, j. M., a 33-ycar-old white man, was admitted to the VA Hospital at 

Oteen, Xorth Carolina, in June, 1953, for the treatment of pulmonary tuberculosis. The 
onset of his disease was in 1950 and was characterized by bilateral disease, with a 6 cm. 
cavitv in the left upper and a 3.5 cm. cavity in the left lower lung fields. On Oct. 29, 
1953,’ left pneumonectomy was carried out, in part by extrapleural dissection. The oper¬ 
ation was diffi cult because of distortion due to marked mediastinal shift to the left, and 
dense adhesions. According to the surgeon’s note, “Some difficulty was encountered 
in finding the inferior pulmonary vein until it was realized that the heart had shifted 
over and dissection was being carried out over the left auricle.' 



Fig. 2. Fig - . 3. 

Fig 2.—Case 1. Mid-esophageal fistula opening into right pleural space diagnosed 22 
weeks following right pneumonectomy which was complicated by the development of a broncho- 
pleural fistula and tuberculous empyema. The fistula healed 4 months later, following modified 
fcchede thoracoplasty. 

. . Fig- 3—Case 1. Esophageal deformity just proximal to the site of the fistula, 7 years 
later. Patient asymptomatic. Similar deformity was noted on this view 7 years earlier. 

An empyema and bronchopleural fistula developed 3 weeks postoperatively which 
required first closed, then open, thoracotomy. In spite of drainage, the patient remained 
febrile and 8 weeks following the resection, unexplained spiking elevations of temper¬ 
ature were noted. Cultures from the empyema drainage were positive for acid-fast bacilli. 
There was no evidence of reactivation of disease in the opposite lung. Drainage and fever 
continued unabated for 6 months, and the patient’s condition was deemed too poor for 
. to undergo thoracoplasty. Yiomycin was added to his drug regime and he graduallv 
improved, the empyema space diminishing in size. The bronchopleural-cutaneous fistula 
remained open. There was an episode of syncope in June, 1954. From July until De¬ 
cember, 1954, the patient was afebrile. Thereafter elevation of temperature recurred 
again, ranging from 99° to 102° F. daily. 

0n iIarch 9 > 1955 - 1G months following the resection, food and water were noted 
a is dressings for the first time. A barium swallow demonstrated the presence of an 
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esophagopleural-eutaneous fistula at the mid-esophageal level. In spite of tube feelings 
and parenteral fluid therapy, there were episodes of cyanosis due to regurgitation of 
secretions and fluids through the fistula into the remaining lung. The patient continued 
to lose ground and died 4 months after the fistula was discovered. 

At autopsy, the patient weighed about 65 pounds. There was extensive easeocavitary 
tuberculosis in the remaining right lung with a large cavity communicating with the right 
pleural space. A 1 cm. defect in the esophagus a few centimeters below the main 
bronchus opened into the left pleural cavity. Microscopically, ulceration and granulation 
tissue formation were noted. An incidental finding of a liposarcoma of the right frontal 
lobe of the brain was noted. 

Case 3.—R. L., a 44-year-old white man, was admitted to the VA Hospital, Oteen, 
North Carolina, for the eighth time in 1956, for the treatment of pulmonary tuberculosis. 
The onset of Ids disease, in 1948, was characterized by bilateral disease with a large cavity 
in the right upper lobe, and tuberculous laryngitis. The patient was treated intermittently 



Fig. 4—Case 3. Autopsy specimen of mid-esophagus (opened) and tracheal blfu , rc f*‘° t " 
A probe is visible in the wide esophageal end of the esophagopleurai fistula several cenv 
meters proximal to the level of the Carina. This patient died 2y> years after diagnosis 
the fistula. 


with antimicrobial drugs (streptomycin, para-aminosalicylic acid, isoniazid) but treatment 
was repeatedly interrupted by irregular discharges. Finally in 1955, a right upper lobectomy 
and resection of the superior segment of the right lower lobe were done. This was followed 
20 days later by a six-rib thoracoplasty for a residual apical space. The patient again left 
the hospital against advice, and was admitted a year later with a pulmonary hemorrhage- 
Bronchoscopy showed the presence of a bronchopleural fistula of the stump of the superior 
segment of the right lower lobe. Because of continuing streaking and atelectasis of the 
basal segments of the right lower lobe, the remainder of the right lung was resected on 
Julv 31 *1906. At tlxis time sputum was negative for acid-fast bacilli. 

During the course of the operation, which was difficult because of dense adl>esi 0IlS 
and the pre°sence of a localized empyema in the superior part of the pleural cavity, according 
to the surgeon’s note, ■ ■ the esophagus was inadvertently mobilized in its middle third, 
and the azygos vein was severed.” 
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The postoperative course was febrile. On the eighth day after operation, as the sutures 
were removed, there was purulent drainage from the wound, and an empyema was drained 
the next day, at first by tube, then by open thoracotomy. Cultures of the empyema contents 
were negative for acid-fast bacilli, and there was never any clear-cut evidence of a broncho¬ 
pleural fistula. 

Drainage continued for some montlis. Exactly 5 months after the final resection, 
coffee which the patient had drunk was noted on the open thoracotomy drainage. The 
diagnosis of esophagopleuro-cutaneous fistula was made and confirmed by Lipiodol swallow. 
It was not identified, however, at esophagoscopy. A feeding tube was inserted into the 
stomach. 

The fistula continued to drain small amounts of food and fluid for the next 2% years, 
in spite of all attempts to obliterate the empyema space on the right side with Schede 
thoracoplasty and multiple revision operations. The patient was able to maintain Ms nutri¬ 
tion fairly well-eating normally without a feeding tube-the weight level being about 20 
pounds below the pre-pneumonectomy level. 

On Aug. 6, 1959, a final stage of modified Schede thoracoplasty was carried out to 
unroof completely the infected space. The postoperative course seemed uncomplicated except 
for moderate serosanguineous drainage from the wound. However, on the fifth postoperative 
day, 4 hours after a routine change of dressings, the patient was found dead in bed. 

Autopsy did not reveal any adequate cause of death. There was a fistulous opening 
from the esophagus, approximately 3 cm above the level of the Carina and about 1 cm. in 
diameter, into the empty right pleural space (Fig. 4). There was no evidence of broncho¬ 
pleural fistula. Section through the fistula showed destruction of the esophageal wall with 
eversion of the mucosa toward the pleura. There was an esophageal gland near the area 
where the epithelium disappeared, joining inflamed pleura covered by a thick zone of mature 
granulation tissue. 


Case 4.—D. X B., a 29-year-old Negro veteran, was admitted to the VA Hospital, 
Oteen, North Carolina, in 1954 for the treatment of pulmonary tuberculosis. The onset 
of his disease was in 1953, with cavitary disease of the right upper lung field. A 2-stage 
Lucite ball plombage thoracoplasty was carried out in November, 1954, with removal of 
the balls and 7 ribs on the right at the second stage. Because sputum remained positive 
for acid-fast bacilli and the cavity under the thoracoplasty persisted (shown by roent¬ 
genograms), resection of the right upper lobe and a portion of the superior segment of 
the right lower lobe was performed in April, 1955. A persistently infected subscapular 
space, with no evidence of bronchopleural fistula or empyema, was treated by a revision 
thoracoplasty in December of the same year. A suture granuloma of the right upper 
lobe stump was believed at first to be the source of the continuing positive sputum and 
hemoptysis. Following cauterization at bronchoscopy, the granuloma was observed to 
heal but sputum remained positive. Completion of the pneumonectomy was done on 
Feb. 5, 1957, and except for dense adhesions throughout the right pleural cavity, requiring 
sharp dissection, there were no unusual problems. 


Following this operation, the patient ran a low-grade febrile course. Repeated 
attempts at pleural aspiration yielded no fluid. Three months later there was an episode 
°f marked elevation of temperature and a roentgenogram showed an air-fluid level in 
tbe right pleural cavity. A closed thoracotomy with tube drainage yielded air and pus. 
The next day grape juice was noted in the drainage, and the diagnosis of esophagopleural 
istula was made. It was verified by barium swallow and was noted to be at the level 
° lll ° seveQ th to the eighth dorsal vertebrae. Tube feedings were begun and, 2 davs 
ter discover;- of the fistula, an open thoracotomy was carried out. Nutrition was 
poor; maintained at first, with weight loss down to SO pounds, and episodes of acute 
!?' U ” COlla P 3e occurred which required parenteral cortisone therapy. Graduallv the 

modified^rr 4 a,ld ° Ver th<3 n6St 2 ' year Peri ° d the empyCma s P ace ™s obliterated bv 
( Fi „ ,, P . r i ° Cedurcs , exposing the fistulous opening with its firm, rounded edges 

)• n April, 1959, plastic closure of the esophageal fistulous opening which now 


188 


TAHARO, WALKUP, OKANO 


J. Thoracic and 
Cardio\a$ Surf 


measured about 1 em. in diameter was attempted but without success. A small esophago- 
pleural fistula remains but the patient’s nutrition has returned to much more nearly 
normal levels, his weight ranging up to 115 to 120 pounds. 


DISCUSSION 

There appears to be little doubt that in the 16 patients of the collected 
series, in whom the complication was recognized relatively promptly after oper¬ 
ation, the esophagopleural fistulas were the result of surgical trauma, sometimes 
recognized, but usually^ not. It is a fact that in a difficult technical procedure, 
even when the possibility of esophageal injury is constantly borne in mind 
and the esophagus is carefully identified, injury and fistula formation may 
result. 4 The esophagus is often drawn to the side of maximal disease by con^ 
traction of fibrous adhesions or by lymphadenopathy. Occasionally this occurs 



Fig. 5.—Case 4. Gross appearance of defect in esophageal wall communicating " Thc 
with small pleural pocket C months after diagnosis of esophagopleural fistula was ma“=' )ater . 
plastic feeding tube in esophagus is visible. This patient retains small fistula i jeaio 

in a sharply localized area. The degree and site of esophageal deviation can 
sometimes be identified with accuracy by a barium swallow prior to surge 1 ? 
(Fig. 6). The presence of an unsuspected esophageal diverticulum may als ° 
be noted by this means (Fig. 7). The examination of an esopliagogram P rl ° r 
to an anticipated difficult pulmonary resection, especially a pleuropneumonec- 
tomy or a completion pneumonectomy, appears to be a wise precautionar} 
measure. However, a normal esopliagogram may give no clue to the presence 
of adhesions involving the esophagus, traction upon which may result in tenting 
of the esophageal wall and inadvertent injury to it during a difficult dissection- 
This resembles the mechanism more familiar to general surgeons doing £ al ‘ 
bladder surgery, by which the common bile duct is tented up and inadvertently 
injured due to excessive traction on the cystic duct. Sauerbruch reports per* 
haps the earliest case of this type which involved a trac 'mudiverticulum. 5 
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The probability that surgical trauma was involved is much more remote, 
however, in the remaining 17 patients, in whom symptoms and signs of a fistula 
appeared for the first time from 3 months to 6 years after operation. In these, 
some other cause must be sought. 

In an attempt to arrive at a more adequate explanation for these late ap¬ 
pearing fistulas, two other groups of patients were also studied. One group 
consisted of 33 tuberculous patients in whom an extrapleural-esophageal fistula 
developed following an extrapleural surgical procedure, such as extrapleural 
pneumonolysis, thoracoplasty, etc. 0 ' 18 These were all in adults, most occurred 
on the right side, and most occurred in association with long-standing infection 
of the extrapleural space. The French medical literature was the richest source 
for these case reports, most of them being reported in the past 10 years. The 



Fig 6. Fig 7. 

Fig 6 —Unsuspected localized esophageal de\ lation toward area of chronic tuberculous 
usease in left upper lung field which was disco\ ered by preoperatn e barium sw allov,. Patient 
aier underwent a left pneumonectomy without complications 

—Right anterior oblique view of traction di\erticulum of mid-esophagus dis- 
.tnerea 2 \ ears after right pneumonectomy for bronchiectasis This patient remains well 
1 3 ears following the resection 


approximate distribution of 27 of these fistulas is noted in Fig. 1, and data re- 
gaiding them are summarized in Tables II and III. For convenience, these 
fistulas have been called Type II fistulas, to distinguish them from the first 
group, or those which followed largely intrapleural surgical operations. 

Last, we u ere able to collect reports of 35 patients in whom an esophago- 
pleural fistula was discovered associated with and apparently residting from 
an intrapleural empyema, often of long duration (up to 14 years!). 19 -” p er _ 
iaps these might be more properly labeled pleuroesophageal fistulas. The ma¬ 
jority were reported before the era of antibiotics, and largely in association 
tli nontuberculous empyemas. In general, these patients were of a much 
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younger age group (more tlian half were under 20 years of age). The ap¬ 
proximate site of esophageal perforation in 25 of these cases is indicated in 
Fig. 1. For convenience, we are calling these Type III fistulas (Tables II 
and III). 

The common denominator in most late-occurring Type I fistulas, and in 
Type II and Type III fistulas was the presence of a pre-existing empyema, 
often of long duration. It was thought by many 7 observers that these chronic 
pleural, extrapleural, or mediastinal empyemas, inadequately 7 drained, were 
responsible for most fistulas not due to direct surgical trauma. 

Fistula formation was believed to have occurred in many 7 of all three types 
of cases as an empyema necessitatis, with rupture into the esophagus. Other 
significant possibilities mentioned were rupture into the pleural or extra¬ 
pleural space of suppurating or easeating lymph nodes which had previously 
established communication with the esophageal lumen; or spread of pleuro- 
pulmonary disease (often tuberculosis) by 7 contiguity; or rupture of a traction 
diverticulum of the mid-esophagus. Erosion of the esophagus by 7 a hard drain¬ 


age tube was also suggested. 

Any 7 of these mechanisms would help to explain the late appearance ot 
some fistulas following the onset of pleural (or extrapleural) infection, an 


there is certain indirect evidence available to support each postulate. 

The preponderance of fistula formation involving the right pleural cavity 
(75 per cent of the total number of all three types for which data were ayai- 
able) is explainable in part by the anatomy of the esophagus. On the right 
side, this organ is intimately associated with the mediastinal pleura, while on 
the left side it is separated from the pleura by the aorta through much of its 
course. Following extrapleural dissections, this organ would therefore he 
even more vulnerable on the right side to injury or infection or both, than 


it would on the left. 

The occurrence of intense mediastinal lymphadenopathy in and about the 
carinal and subcarinal areas might also help to explain the localization o 
many fistulas at the mid-esophageal level. This is the level at which perfora¬ 
tion of the esophagus by tuberculous lymph nodes has most commonly been 
noted, 52 and also at which bronehoesophageal and tracheoesophageal fistulas. 
as well as traction diverticula, most often occur. 53 ' 58 The causative pathologic 
changes in the “middle lobe syndrome” are also located at this level. There 
are interesting case reports in which various combinations of these conditions, 
such as the ‘ ‘ middle lobe syndrome, ’ ’ broncholithiasis, traction diverticula, an 
esophagorespiratoiy fistulas, have occurred in the same patient, 5D ' 02 apparent!.' 
linking them in a pathogenetic chain of events which may include, in some 
cases, the development of esophagopleural fistulas. 

While there are isolated autopsy findings implicating caseous lymphadenop¬ 
athy (Arandes Adan 6 ) and traction diverticulas (McCormick, 37 Crawford” 
and possibly our Case 3) in the development of esophagopleural fistulas, in 
most cases pathologic data arc so meager, and distortion of structures by long¬ 
standing infection and extensive fibrosis is so thorough, that the true patho¬ 
genesis of many chronic esophagopleural fistulas remains obscure. 
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The treatment of esopliagopleural fistulas of whatever cause is complicated 
and unsatisfactory. Nevertheless, every attempt should be made to maintain 
nutrition, eliminate infection, obliterate empyema spaces, and restore function 
if possible. Extensive esophageal reconstructive procedures such as bowel 
transplants proved to be fatal in every ease of Type I fistula. Haight s e pa¬ 
tient, with a Type II fistula (following a thoracoplasty), recovered after colon 
transplant, a healing empyema drainage tract remaining. In most cases, more 
conservative operations on the chest wall (Schede thoracoplasty, muscle flap) 
or on the mediastinum or esophagus (direct closure, or excision and re¬ 
anastomosis of the esophagus), while often not curative, were at least con¬ 
siderably safer. Jejunostomy for the maintenance of nutrition was much more 
satisfactory than gastrostomy, or even tube feedings, because regurgitation of 
stomach contents through the fistula was thereby avoided. In those patients 
in whom no definitive surgical therapy (other than gastrostomy or jejunos¬ 
tomy) was done or was possible, the mortality rate was 90 per cent. 


SUMMARY A XT) CONCLUSION'S 


Esopliagopleural fistula is an uncommon but not rare complication of 
thoracic surgery, especially of the surgery of pulmonary tuberculosis. Four 
cases were observed in 934 pulmonary resections for tuberculosis. Twenty- 
nine additional eases following intrapleural procedures were contributed for 
this study by surgeons in many parts of the United States and India and these 
were compared with 33 cases of esopliagopleural fistulas following extrapleural 
thoracic surgical procedures, such as thoracoplasty and extrapleural pneu¬ 
monolysis. In addition, a group of 35 cases of benign esopliagopleural fistulas 
following empyema, not associated with a prior thoracic surgical procedure, 
was also analyzed. 

Fistulas which appeared soon after operation (within 3 months) were 
thought to be due most often to surgical trauma, while those which appeared 
late (from 3 months to S years following surgery) were thought to be due to 
chronic infection. The exact sequence of events by which perforations of the 
esophagus were brought about was often obscure. 

Treatment has been in general unsatisfactory and the mortality and 
morbidity rates were high. Suggested preventive measures include preop¬ 
erative esophagograms to detect unusual deflections or unsuspected diverticula 
of the esophagus, and prompt and vigorous obliteration of postoperative in¬ 
fected spaces. The gravity of this complication is emphasized by the over-all 
mortality rate of 51 per cent. 


" e to acknowledge witli gratitude the cooperation and assistance of the following 
surgeons in this study: Foil C. Andrews, Charles P. Bailey, Reeve H. Betts, Sydney Bressler, 
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iomas J. Enright, Cameron Haight, Robert Holdren, R.' L. Kemler, Conrad R. Lam, Hiram 
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THE SURGICAL TECHNIQUE FOR THE CORRRECTION 
OF PECTUS EXCAVATUM 

George H. Humphreys, II, M.D., and John E. Connolly, M.D.,* 

New York, N. Y. 


S ince the appearance of Brown’s paper in 1939 1 on the surgical treatment of 
pectus excavatum, or funnel chest, thoracic surgeons have shown a livch 
interest in this deformity. 

It is now generally accepted that, when surgical correction is indicated, 
some type of the so-called radical operation is indicated. Various writers haw 
outlined a number of techniques for this operation and, in general, they differ 
little. 2 ' 0 These differences have principally been concerned with the method 
of external maintenance of the refashioned chest wall. While external stmts 
or ladders, or internal fixation by pinning were almost universally performe 
a few years ago, the trend has been to modify or discard their use. 7 

We should like to present our technique which is a further modification and, 
we believe, a significant improvement for two reasons. In the first place, the 
one universally accepted indication for operative correction of funnel chest is 
the cosmetic one. Our operation is designed to effect a more nearly peifcd 
cosmetic result than those previously described. In the second place, para¬ 
doxical movements of the sternum and chest wall are eliminated by solid fixation 
without the necessity of internal or external struts. 


TECHNIQUE 


Intratracheal anesthesia is employed with the patient supine on 


the opc- 
females. 


‘ ---- -x-v • • * UAi UilV/ - 

ating table. In males, a midline sternal incision is employed, whereas in fenu 
a transverse submammary incision is used. The midline incision is easier and 
gives better exposure but admittedly often results in scars which tend to widen. 
The skin incision begins at the cephalad end of the depression and is carried 
downward to a point midway between the xiphoid cartilage and the umbilicus 
(Fig. 1). Next, the pectoral muscles and their fascia are separated by sharp 
dissection from the underlying sternum and costal cartilages. This stripping 
is carried from the midline laterally to slightly beyond the costochondral j" nf ' 
tures. The depression invariably begins medial to these junctures. 

From the Department of Surgery, Columbia College of Physicians and Surgeon?. 

York City, ^ • «* , on in^n 
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The anterior rectus fascia is then divided and the two rectus muscles axe 
separated through the full extent of the skin incision. Cai'e is taken not to 
enter the peritoneal cavity during this maneuver. The origins of the two 
rectus muscles are fi - eed from the lower costal margins and xiphoid process, 
and turned laterally as seen in Fig. 1. The xiphoid process is usually excised 
to facilitate this maneuver. 

At this point, T incisions of the periosteum are made at the costochondral 
junctures. The periosteum is stripped with a small periosteal elevator to expose 
the most lateral 2 cm. of the costal cartilages. These exposed 2 cm. of cartilage 
are resected and discarded. The resections are begun at the lower costochondral 
junctions and are carried upward to the level of the beginning of the sternal 
depression which usually includes the third costochondral junction. 

By blunt dissection with a peanut dissector, the diaphragm is freed from 
the posterior wall of the body of the sternum. We have been impressed that 
very little fibrous connection is found between the xiphoid-sternum and the 
diaphragm. Next, the intercostal bundles are divided between the resected 
cartilages so that the entire breast plate is attached above only through the body 
of the sternum. The anterior plate of the sternum is then divided trans¬ 
versely with an osteotome just above the level where the sternal depression 
begins. This is usually at the third intercostal space. The entire freed breast 
plate is elevated irntii the posterior plate of the body of the sternum is cracked. 
The freed breast plate then resembles a pair of wings (Fig. 2) with a central 
depression. 

The freed sternum and attached poilions of cartilages and intercostal 
muscles are fashioned to produce a perfectly flat contour by multiple cuts. 
These cuts are made transversely through the costal cartilages in as many places 
as necessary to remove all depressions. Since the sternum itself almost invariably 
has a central depression, it must also be flattened to effect a perfect cosmetic 
result. This is accomplished by multiple longitudinal and transverse seetion- 
xngs of its anterior plate, after which the posterior plate is broken by liyper- 
fiexion of the sternum. The number of these transections of both the sternum 
and the costal cartilages varies in each case, depending upon the severity of 
the defoi-mity and the age of the patient. In a child the sternum can be cut 
'nth an osteotome. Iu adolescent and adult patients we use an electric Stryker 
saw to cut the sternum. The costal cartilages can always be cut with a kuife. 
Fig. 2, a shows the costal cartilages being cut. After these multiple cuts, the 
sternum and attached costal cartilages have the appearance of diced bone and 
cartilage held together by fibrous tissue and intercostal muscle. 

After the sternal plate has been flattened, it occupies a wider area than 
the space from which it came. The excess cartilage and intercostal tissue is 
excised with a scissors so that the free plate will fit into the created defect. In 
Fig. 2, a the areas lateral to the dotted lines represent the portions of cartilage 
and intercostal tissue to be excised and discarded. We cannot overstress the 
importance of being careful to eliminate all sternal and costal depressions, as 
this is the secret of a good cosmetic result. 
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The flattened, trimmed, diced plate is fitted back into its space, but it will 
now be noted that it rides higher and that the costal cartilages do not necessarily 
meet with their previous costal counterparts (Fig. 3). Several of the lower ribs 
will not have any cartilages adjoining them. 



Fie:. 1.—The reflection of the freed recti muscles is shown, as well as the r f £ % l i°”kin 
segments of cartilage, at the costochondral Junctions. Inset shows the extent ot m*- - 
incision. 

The plate is anchored firmly in place by interrupted sutures between inter¬ 
costal muscles and costal cartilages. These sutures vary in number depending 
on whatever seems to be necessary to produce a completely stable chest wad- 
As shown in Fig. 3, a, several stabilizing sutures are also taken in the transected 
sternum at its top. 

The rectus muscles are brought together in the midline by interrupted 
sutures through the anterior rectus fascia. The rectus muscles are not at¬ 
tached to the costal margin in order to avoid drawing the sternum down again- 
A defect then remains between the approximated rectus muscles and the xiphoid 
area. This defect causes no later herniation as it is supported posteriorly by 


Fig:. 2.— a, Note the winged appearance of the freed sternum and attached costal carti¬ 
lages. The beginning of multiple transections of the cartilages is shown. The dotted lines 
indicate the portions of cartilage and intercostal muscle to be excised. 

b, The appearance of the breast plate aft^r multiple cuts of the sternum and cartilages 
have been made. The excess cartilage has also been excised. 



EU ‘ U fnot*necessari 1 y* ^uTe 3g L Uon by pted 

suture Joinin/th^eSSn b 1 eI Ki- ome - d ir L t J e midIine b - v interrupted sutures The first 
of body or th c P ^^m ~ C ' a 13 bemf? inserted and is sho ™ Passing through the periosteum 

a HorfeXHt „T', s h 0 in i; the new position of the sternum, 
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Pig. 4.— a, The appeal anee of a 17-year-old boy before operation for funnel 
!i. The appearance of the same patient after operation for funnel chest. 
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the diaphragm. The pectoral fascia is brought together by interrupted sutures, 
taking a bite also in the midline periosteum of the body of the sternum with 
each suture (Fig. 3, b). 

In dividing the intercostal muscles, the pleura is usually entered on at least 
one side and often on both sides. If a small pleural hole is produced, it is 
closed. But a large opening is always left in one pleural cavity so that the 
retrosternal drainage can run into this pleural cavity. A chest tube, connected 
to an underwater-seal, is brought out of this chest cavity through a separate 
stab wound lateral to the breast. 

The skin is reapproximated with interrupted sutures. When a midline 
incision is employed, three or foiu' wire-retention sutures are placed in the 
skin tied over buttons in an effort to prevent tension and subsequent widening 
of the seal*. 

The chest tube is removed the next day. The patient is usually allowed 
out of bed in several days. Children appear to tolerate the pain of the pro¬ 
cedure better than adults. The patient is discharged home between the eighth and 
tenth postoperative day. The wire-retention sutures are removed in 2 weeks. 
Strenuous activity is restricted for several months. Figs. 4 and 5 demonstrate 
the results obtained using the described method on two adolescent patients. 

SUMMARY 

A modified technique for the radical repair of pectus excavatum is pre¬ 
sented. We feel that this technique effects a more nearly perfect cosmetic result 
than previously described methods. In addition, it offers greater stability of 
the chest wall without the necessity of internal or external struts. 
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MYOCARDIAL NECROSIS FOLLOWING ELECTIVE CARDIAC 
ARREST INDUCED WITH POTASSIUM CITRATE 

James A. McFarland, M.D., Louis B. Thomas, M.D., Joseph IF. 

Gilbert, M.D., and Andrew G. Morrow, M.D., Bethesda, Md. 


E lective cardiac arrest, induced in the course of open cardiac operations "with 
cardiopulmonary lypass, has been found to be a valuable technical adjunct. 
In particular, the quiet and dry field it provides greatly facilitates the.repair oi 
the more complex anomalies. Of the various methods available for producing 
elective asystole, the technique devised by Melrose 1 has been most widely em¬ 
ployed. In this technique, the heart is arrested by the injection of a solution of 
potassium citrate into the ascending aorta, proximal to an occluding clamp. 
This method of arrest was often employed at the National Heart Institute and 
its advantages seemed clear. Sometimes, however, difficulty was encountered 
in re-establishing effective myocardial contraction and an occasional patient 
presented clear evidence of left ventricular failure in the post-arrest period. 
These observations suggested a physiologic evaluation of the effects of potassium 
citrate on myocardial function. 2 The hearts of 2 patients who died after po¬ 
tassium citrate arrest revealed, on routine histopathologic study, unusual areas 
of necrosis and prompted a detailed pathologic re-examination of the hearts of 
all patients who died following open cardiac operations. The results of these 
studies in 30 patients are described in the present report. 


MATERIALS AND METHODS 


Material available for the study consisted of the hearts of 30 patients who 
had died at various intervals following direct vision intracardiac operations. 
Nineteen patients had had elective cardiac arrest induced with potassium citrate. 
In none of the remaining 11 patients had this technique been employed; in ® 
no form of arrest was used and arrest was induced in 2 by aortic occlusion alone- 
In every patient, total cardiopulmonary bypass was provided by either a 
modified Melrose pump-oxygenator (12 patients) or a rotating disc oxygenator 
with a nonocclusive roller pump (18 patients). Systemic flow was, in general, 
provided at a rate of 2 L. per minute per square meter of body surface area 
and the duration of perfusion varied from 9 to 113 minutes. 
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"Wteii elective arrest with potassium citrate was induced, a solution of 
2.5 per cent potassium citTate was prepared by diluting a 25 per cent solution 
with nine vol um es of fresh, heparinized blood. The aorta was cross-clamped 
immediately distal to the heart and the arresting solution was injected as 
rapidly as possible into the aortic segment until complete myocardial paralysis 
was observed. Following; completion of the intracardiac procedure, coronary 
flow was restored by removal of the aortic clamp. In. all instances the right 
heart was drained during the recovery period to prevent distention. The periods 
of aortic occlusion ranged from 6 to 67 minutes. 

Soutine pathologic examination of the hearts of these 30 patients had 
been made at the time of autopsy and they had been fixed in formalin and 
stored. They were re-examined grossly and full-thickness sections were pre¬ 
pared from blocks taken from the anterior wall, posterior wall, and apex of the 
left ventricle as well as from the ventricular septum and the wall of the right 
ventricle. Additional sections of both coronary arteries were also studied. 
Although these various sections were taken from pre-determined places in the 
ventricles, care was taken to avoid the surgical incisions or other obviously 
traumatized areas. 

RESULTS 

A distinctive type of necrosis was observed in various portions of the myo¬ 
cardium in the hearts of 15 (79 per cent) of the 19 patients subjected to 
potassium citrate arrest. The distribution and severity of the necrotic myo¬ 
cardial lesions, together with pertinent clinical data, are presented in Table I. 
This lesion was not observed in any of the hearts of the 11 patients who did not 
Teceive potassium citrate at the time of intracardiac surgery. 

Characteristically the lesions consisted of multiple, sharply circumscribed, 
microscopic areas of necrosis which usually occurred in the central portion of 
the ventricular myocardium. Their appearance is shown, at various magnifica¬ 
tions, in the representative photomicrographs repraduced in Pigs. 1 through 5. 
The necrotic fibers were swollen and stained intensely with eosin. The cyto¬ 
plasm in these fibers was either liyalinized or granular and neither cross stri- 
ations nor longitudinal fibrils could be seen. The nuclei were large and stained 
strongly with hematoxylin. Even in the acute lesions, those observed in patients 
who died 2 hours or less after cardiac arrest, there was already disintegration 
and dissolution of portions of the necrotic fib era and granular debris could he 
seen between the larger, intensely stained fragments. A striking feature of 
the lesions was the absence of both hemorrhage and congestion. The cut sur¬ 
face of the myocardium in those hearts exhibiting the largest and most diffuse 
lesions was grossly dark and discolored. This darkened, mottled appearance 
was more pronounced in the central portions of the myocardium and often the 
subendocardial zone was quite pale. The over-all appearance followed closely 
the distribution of the lesions as shown in Figs. 1 and 2. 

The amount of myocardial necrosis varied from single isolated microscopic 
areas observed in one histologic section, to massive necrosis, involving as much 



Table I. Clinical Summaries and Pathologic Findings in Patients Subjected to Cardiac Arrest With Potassium Citrate 

i i i I miPA-nmv- ! i i i DEGREE AND DISTRIBU- 


202 


MC FA ELAND, THOMAS, GILBERT, MORROW 


J. Thoracic an} 
Cardiowi, Stiff 


► + O O o+ooo+oo + +00+ + + + 

5 + i 


3* +-o + + 0 + +00000 

g % a d ± 

S w w H + 

£ o _ 

few fc ° ±° ° foooooo 

=> * 3 

- 

£ ^ OO I 0|000 JO + 


nr* r 
up p 

::IP r 


• . , Q , , m , , , j . , U 

^ra ^ 13^ OrC^ rC r=i 'O ~ ~ 

-+IOC1 OO^C/DCOHCO + (O O N Ol ^ 

CM rH 01*+ CJIM rH 


* W 

atsp 

PE: 


ooo oooooooo o o O o * *: 2 

ira-+cl *+ o o co o ci ci ci o co eo ci ci cc ci 


O 

gig 

3 ^ a 


oioci o o o co •* ira ‘g « © |o © >ra t- EJ SI 2 

rH Cl Cl CI Cl CO Cl rH rH rH Cl rH H >—I O rH Cl r-1 


• t* 

)Q^ 

; § g P; 

2 3 § & s 

’fct’B'- 


o 21M m Mlijmriooo W m g g « }2 S S| 

Cl CO *+ Cl CO t>- 1-1 CO CI CO Cl CI Cl CO rH Cl IQ O’ 


$ 81^ 

<H «H CJ Tl 

r-« —i <y 

cs 75 v ” 

a. p,ns o 

O O w 

</J C h r-t 

ci 

I. h M (j 

« rf Ohot 7 ! 

s 3 m § d 

S' S> *r ci 

*5 £ « 5 ° 

g g’S £'T 

r* r - * <3 


8 8 8 8 

«H «H «H *4H 

o a o a> 

*^5 ^ ns ns 

0^0 

•rt^-BSsS 


^ 0 U> o u u u 

1feffelll 

rt o o o ca ca o 

° *3 *C 73 *C V 'C 

P~ -t c £ c e c 
1 000000 
" T ? H £h p* > p> 


O l/l O 

OOO 
«H c- *H 

03 -u> 03 +3 
W O •*-* 

3 .H 3 3 ® 

a.‘ti p-S ■ 

a> 5 ffl ^ l. 

“ 2 “<h i 

u “ 09 , 

oS- w 

1 -g 3 o g g • 

■£ §-c -a S § 

-£ tf+i £ o 
? C! fl-P CU-*-; 
o o a> o 3 w 

C 


W ^ pH Ph pH r3 S rO pH > 

VI 4 _) 

_ »M 

^ ^ " 

.« ^ f»o 

S CJ HlfJIfJ CO Cl O Cl f (?! + O Ci 03 K CO OOD+ <W 

^ y 01 n *+ Cl CO 1 —( ri o 


W *+ «^ »^ O Cl C OO C5 O CC K CO Cl C Cl M 

£Q Cl 10 W C) O 13 N o O I— I- o N O + M 

^ C CKO frMCOOHOCO + CO C CO in 

OO'O N CO CO O CO 0 CO Op Ci Cl Cl CO 

Y\ HrIH r-*^-*r-irHOi—<00 r-iOOOr-i 

000 oooooooo 00000 


f- 

2 RGfL 


Pjawbri 
h2g^K>HQo ^aCps-iw 


'1‘JONCCOO. 


Vc! m Ne 2 MYOCARDIAL XECKOSIS AFTER ELECTIVE CARDIAC AEBEST 203 
1 °iO 

as 50 per cent of the myocardium, seen in several sections. These degrees of 
necrosis were designated as a to -—f a in the various sections examined and their 
distribution in the anterior wall of the left ventricle (LYA). posterior wall 
of left ventricle (LYP), ventricular septum and light ventricle (EY) is 
shown in Table I. The lesions were severe (--A to -Art) in 6 patients, 
moderate (^-) in 2 patients and mild (a) in 7 patients. No lesions were found 
in the hearts of 1- patients. Xt is evident from the data presented in Table I 
that the lesions were more severe in the left ventricle than in the righi. although 
only one block from the right ventricle was examined. 



Figr. 1—Patient Xo 14 (00-99-66) was an S-year-old boy with ventricular septal defect 
who died 2 hours after potassium citrate arrest. Multiple, discrete areas of necrosis m the mid- 
portion of the wall of the left ventricle can be seen. Some of the lesions are confluent. Charac¬ 
teristically these lesions were neither hemorrhagic nor congested. (Hematoxylin and eosin; 
XS ; reduced V„*-) 

Sections of both the right and left coronary arteries were examined in each 
heart. The degree of atherosclerosis varied from patient to patient but did 
not appear to correlate well with either the severity or distribution of the myo¬ 
cardial lesions. Thro mitosis or necrosis of coronary arteries was not observed 
to be associated with any of the lesions. The atria were not examined systemati¬ 
cally but a portion of the left atrium was usually included in the block taken 
tnorn the posterior wall of the left ventricle and necrosis was never observed in it. 

In the second group of 11 patients, cardiopulmonary bypass had been em¬ 
ployed at the time of intracardiac surgery hut cardiac arrest was either not 
induced (9 patients) or was produced by aortic occlusion alone (2 patients). 
The anatomic defects necessitating operation and the conditions of perfusion 
were comparable to the patients listed in Table I. Xo necrotic myocardial lesions 
oi the type just described were seen in sections of these hearts. Indeed, the onlv 
pathologic changes noted were those specifically associated either with the defect 
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for which operation had been performed, with the operative incisions themselves, 
or the small areas of acute hemorrhage and edema which follow cardiac massage 
and defibrillation. 3 In most instances, the myocardium appeared normal. 


DISCUSSION 

The patients are arranged in chronologic order according to the date of 
operation in Table I. It is apparent that the most severe lesions were en¬ 
countered in Patients 12 to 19 and less severe lesions were seen in Patients 1 to 
11. All 4 of the patients who received potassium citrate but whose hearts did 



l-'iir. 2 .—Patient No. 17 (01-S3-98) was a 10-year-old boy with congenital aortic 'AAA 
who died 12 hours after cardiac arrest with potassium citrate. The massive, coiUlueni ■* h 
of necrosis involve more than half of the myocardium of the left ventricle. Note, as „, a . 
that the subendocardial and subepicardial layers of the myocardium tend to be spared. I 11 * 1 
toxylin and eosin; X100 ; reduced }{,.) 


not exhibit necrotic lesions were among the first 11 patients in the table. The 
date dividing these two groups was Mnj r , 1958, and re-examination of ^ 
surgical records shows that at this time a change was made in the pharmaceutic;’ 
preparation of the 25 per cent potassium citrate stock solution. Before this 
date the solution was prepared in bulk and often had been stored in 
several months before it was used. However, precipitates were noted to form 
in the solution and flaking of the glass containers was observed. After 
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1958, tiie potassium citrate was fumisiied in crystalline form and tire 25 per 
cent solution was prepared by adding a measured amount of diluent to a weighed 
quantity of the crystals immediately before use. Following this change in the 
procedure for the preparation of the potassium citrate solution, every patient 
who died after potassium arrest had myocardial necrosis. The lesion, in fact, 
was severe in the hearts of 7 of the S patients. It thus seems likely that the 
drug, when freshly prepared from crystals, resulted in a more toxic solution 
which was responsible for more severe myocardial damage. 

The data presented do not allow a conclusive statement as to the patho¬ 
genesis of the myocardial lesions; they were, however, unequivocally associated 
with perfusion of the heart with potassium citrate. There was no correlation 
between the occurrence of the myocardial necrosis and the type of congenital 
defect, the heart size, age, sex, or any other clinical factor that was considered. 
It is also remarkable that the occurrence and severity of the myocardial lesions 
do not correlate well with the amount of potassium citrate infused into the 
eoronaiy arteries, the length of perfusion, or the duration of cardiac arrest. 
The association of more severe myocardial damage with the change in the prepa¬ 
ration of the potassium citrate solution also indicates that the myocardial lesions 
resulted from its use. Recent experimental work lends further support to this 
conclusion. Waldhausen and his co-workers" showed, in a comparison with 
acetylcholine and anoxia as arresting agents, that potassium citrate caused 
severe depression of left ventricular function. Gilbert 4 has demonstrated that 
the distribution of the potassium citrate solution in the myocardium is by no 
means uniform and this observation poses the problem as to whether the necrosis 
occurs in areas which have or have not received the highest concentration of 
potassium citrate. 

After the present study was initiated, Helmsworth and his associates 5 
described histologically similar lesions in the hearts of dogs sacrificed 48 hours 
after cardiac arrest had been induced with potassium citrate. The lesion has 
also been produced experimentally in the dog in our laboratory and is re¬ 
markably similar to the lesions observed in the human being (Fig. 6). This 
experimentally produced lesion is also remarkable because the profound path¬ 
ologic changes in the myocardial cells occurred within 30 minutes after per¬ 
fusion with potassium citrate. Fully developed lesions were also observed within 
1 to 2 hours in several of the patients in the study. Older lesions in the patients, 
lesions observed in patients who died 2 days or longer after operation, exhibited 
infiltrates of leukocytes and macrophages but were otherwise quite similar 
histologically to the acute lesions. The myocardial lesions produced by the 
potassium citrate appear to be distinctive. Study of the fresh lesions in the dog 
heart suggest that segments of the myocardial fibers have undergone acute dis¬ 
integration leaving swollen and intensely staining remnants which are widely 
separated. Capillaries, small arterioles, and connective tissues within the lesion 
appear to be unaffected. These various features distinguish this lesion from a 
variety of other types of myocardial necrosis such as occur in acute infa rcts c 
in association with potassium deficiency, 7 or with noradrenalin. s 

A discussion of the clinical course of patients with widespread myocardial 
amage of the type described is difficult since in some it was altered or obscured 
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by other significant factors such as postoperative hemorrhage or an incomplete 
anatomic repair In ethers, however, death could clearly be attnbuted to the 
left lentricular failure which followed arrest. In these patients gradually 


PPfgiilNss 





Fig 5—Patient No 12 ((01-94-08) was a 6-%ear-old boj who died 16 hours after airest 
with potassium citrate and repair of \entricular seotal defect The junction between normal 
appearing rmocardial fibeis and necrotic fibers is quite sharp Fragmentation and dissolution 
of portions of necrotic fibers is apparent. (Hematow lin and eosin, X275 . reduced }(, ) 



arre^t^lfui? “T he * histologic appearance of necrotic lesions in the doc heart _, 

w^ia?rmro^V^^V m * cUratc The lcslon 5s similar to that observed in patents Tim Cardl ^ 
re?u^d r %) ed 15 minutcs after normal heartbeat ^ restored (HematSxjlin and eSn ;xiSo] 
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progressive hypotension was observed which became unresponsive to pressor 
agents, and was associated with rising venous pressure. One patient (No. 13) 
apparently survived tills acute period of failure, only to die 10 days after 
operation of an unrelated cause. 

The clinical and pathologic observations just described and the experimental 
demonstration of impaired ventricular function following potassium citrate 
arrest has led to the abandonment of this teclmique at the National Heart 
Institute. Although flaccid paralysis of the heart certainly facilitates the repair 
of many intracardiac anomalies, the hazard of the method is so great as to out¬ 
weigh this advantage. A dry and quiet field can be secured by intermittent 
aortic occlusion alone and this technique is applicable in virtually all procedures 
in which aortotomy is not necessary. When the aorta must be opened for long 
periods, as in the repair of aortic valve lesions, direct coronary perfusion has 
been found the technique of choice. 

SUMMARY 

Detailed microscopic examinations were made of the hearts of 19 patients 
who died at various intervals following open cardiac operations in which cardiac 
arrest had been induced by the infusion of potassium citrate into the corona n 
bed. In 15 (79 per cent) of the 19 patients, myocardial necrosis of a character¬ 
istic type was demonstrated. The lesion was not obseived in the hearts of H 
patients who underwent similar procedures without arrest or with arrest pro¬ 
duced by aortic occlusion alone. The etiology of the necrosis and its significance 
in the choice of an operative teclmique for clinical use is discussed. 

ADDENDUM 

Since the manuscript was submitted, detailed histologic study of the hearts of I a '' 
ditional patients has been made. In 4, anoxic arrest was employed and, in 3, the heart " a! 
not arrested. Ho evidence of myocardial necrosis was found in any section. 
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DISSECTING ANEURYSM OE THE THORACIC AORTA AS A 
COMPLICATION OF CATHETER AORTOGRAPHY: 

SUCCESSFUL SURGICAL TREATMENT 

John Y. Templeton, III, M.D., Robert G. Johnson, ill. D., and 
John R. Griffith, M.D., Philadelphia, Pa. 

T he ■widespread, use of translumber aortography which followed the original 
description, of the method by Dos Santos and his colleagues 1 has resulted 
in numerous reports of complications of the procedure. Recent reviews of 
these complications have been written by Crawford and his co-workers 2 and 
McAfee and TTillson. 3 In contrast, much less attention has been devoted to the 
complications of catheter aortography perhaps because this method has been 
applied much less often. 

Abdominal aortography by injection through a catheter introduced by way 
of the femoral artery was first performed by Farinas. 4 Thoracic aortography 
by catheterization from the radial artery was described by Radner. 5 This 
method has been extensively applied with great success in Sweden. 6 ’ 7 The 
sole complication in a large series of cases was a single mild cerebral injury 
which occurred following the injection of too high a concentration of opaque 
substance into the cerebral circulation as a result of incorrect placing of the 
tip of the catheter. Lane and Peiree s reported brachial plexus palsy following 
extravasation of 70 per cent Diodrast injected through a polythene catheter in 
an effort to demonstrate an innominate artery aneurysm. Deterling 0 reported 
the occurrence of cerebral complications presumably resulting from the dis- 
lodgment of an atheromatous plaque by a catheter introduced into the aorta 
from the left ulnar artery. 

Dissection of the aorta during the performance of a catheter aortogram 
has not been reported but the occurrence of this complication with percutaneous 
translumber aortography is recognized. In an excellent discussion of this 
problem, Gaylis and Laws 10 presented 2 cases of their own with photographs 
demonstrating dissection of the abdominal aorta and discussed 5 cases in the 
literature which they considered similar. More recently, Fineberg and as¬ 
sociates 11 reported the occurrence of gangrene of the large intestine and ovaries 
^ ll( - to dissection of the abdominal aorta after translumber aortography. This 
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complication of translumber aortography results when all or a portion of the 
bevel of the needle lies m the wall of the aorta so that the opaque mateual is 
injected either entirely or in part into the aortic wall. 

The purpose of this paper is to report the occurrence of a dissecting 
aneurysm of the thoracic aorta as a complication of eatheter aortography and 
its successful treatment by excision and replacement with a Dacron prosthesis 1 


CASE REPOET 

The patient, a 60 year old salesman, was admitted to Jefferson Medical College Hospital 
on Nov. 18, 1958. He had consulted his local physician because of epigastric distress anil 
a pulsating mass had been found m the upper abdomen Roentgenograms had confirmed 
the presence of an abdominal aortic aneurjsm and demonstrated an active duodenal nicer 
Except for the complaints associated with the duodenal ulcer, the patient’s general condition 
had been satisfactory, although the electrocardiograms had shown evidence of arteriosclerotic 
cardiovascular disease 

Phjsical examination was not remarkable except for the presence of the pupating 
epigastric mass The location of the aneurjsm, both on phjsical examination and on the 
scout films of the abdomen, raised the question as to whether or not it arose far enougi 
proximallj to involve the renal aitenes For this reason a catheter aortogram was performc 
on Nov. 21, 1958 Under local anesthesia, the left ulnar arterj was exposed in the lei t 

foreaim A No 8 caidiac cathetei was introduced proximally through the arterj into tic 
aorta and advanced easilj until the tip laj above the diaphragm Blood flowed from tic 
end of the catheter under pre'suie but the pulsation was dampened The catheter was con 
neeted to an automatic piessuie injector and 30 ml of 50 per cent Hj'paquc was injected " »c 
a series of x rav films weie exposed With the injection of the contrast medium the patien 
cried out loudlj, complaining bitterlj of severe tearing pam m the back Following remoi 
of the catheter the pain subsided and became less seveie His geneial condition was found to 
be satisfactorj and the blood pressure was noimal There was mild delation of the P u '° 


rate The femoral pulses were quite normal Examination of the roentgenograms 


revealed 


the presence of dissection of the descending thoracic aoita lesulting fioin the injection o 
the contrast material between the laj r ers of the wall of the aorta above the diaphragm 
(Fig 1) The appearance was that of complete aortic obstruction A subsequent fim 
taken 30 minutes later showed that all of the dje in the aorta had disappeared and tin 
there was an excellent concentration of dj-e in the urinarj bladder, attesting to the prc'rt 
vation of renal blood flow (Fig 2) An x raj film of the chest showed no change in * 1C 
cardiac and aortic silhouette from that observed oil admission (Fig 3). 


Pam in the back, however, continued and it was decided that operative repair 


of the 


JU Ulll — —J -- J -- >••• Cl mv IlUiJ HUM. -1 - 

dissection of the thoracic aorta should bo performed Hjpothermia was induced bj externa 


cooling until a low temperature of 29° C. was attained 4 hours after the dissection 


With 


the patient on the right side a left postcrolateial thoracotomj was perfoimed at the fourth 
mteispace The wall of the aorta was discolored with extravasated blood from the orig> n 
of the subclavian arterj to the diaphragm and its pulsations were diminished The upper 
portion of the descending aorta and the distal portion of the arcli were mobilized Clamp* 
were placed across the aorta proximal to the ongin of the left subclavian arteij and m tllC 
mid thorax and the aorta was transected The dissection was found to involve about two 
thirds of the diameter of the vessel, beginning at the origin of the left subclavian arterj 
On the lesser curvature of the aorta, opposite the origin of the left subclavian arterj, " ert 
several atherosclerotic ulcerated areas m the ultima A ten centimeter length of the aorta, 
including the=o ulcerated areas, was excised and replaced with a pro clotted knitted Dacron 
prosthesis The false lumen was excluded both proximillj and distallj bj suturing both 
lavers of the aorta together to the prosthesis The clamps were removed and the circulation 
restored The immediate condition of the patient was satisfactorj Tliree dajs hater a 
trachcostomj was performed to facilitate the removal of retained secretions from tE’ 



Fib 3 Normal contour of thoracic aorta 1 hour after injection 
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complication of translumber aortography results when. all or a portion of the 
bevel of tlxe needle lies in the wall of the aorta so that the opaque material is 
injected either entirely or in part into the aortic wall. 

The purpose of this paper is to report the occurrence of a dissecting 
aneurysm of the thoracic aorta as a complication of catheter aortographj' and 
its successful treatment by excision and replacement with a Dacron prosthesis ’’ 


CASE REPORT 

The patient, a 60-year-old salesman, was admitted to Jefferson Medical College Hospital 
on Nor. IS, 1958. He had consulted his local physician because of epigastric distress and 
a pulsating mass had been found in the upper abdomen. Roentgenograms had confirmed 
the presence of an abdominal aortic aneurjsm and demonstrated an active duodenal nltei 
Except for the complaints associated mtli the duodenal ulcer, the patient’s general condition 
had been satisfactory, although the electrocardiograms had shown evidence of arteriosclerotic 
cardiovascular disease. 

Physical examination was not remarkable except for the presence of the pulsate; 
epigastric mass The location of the aneurysm, both on physical examination and on tk 
scout films of the abdomen, raised the question as to whether or not it arose far enough 
proximally to imolve the renal arteries. For tins reason a catheter aortogram was performed 
on Nov. 21, 1958 "Under local anesthesia, the left ulnar artery was exposed in the leb 
forearm. A No, 8 caidiac cathetei was introduced proximally through the arten into the 
aorta and advanced easily until the tip lay above the diaphragm. Blood flowed from the 
end of the catheter under pressure but the pulsation was dampened. The catheter was eon 
nected to an automatic piessure injector and 30 ml. of 50 per cent Hypaque was injected while 
a series of x ray films were exposed. With the injection of the contrast medium the patient 
cried out loudly, complaining bitterly of severe tearing pam in the back. Fallon mg removal 
of the catheter the pain subsided and became less severe. His general condition was found to 
be satisfactory and the blood pressure was normal. There was mild elevation of the pu' s « 
rate. The femoral pulses were quite normal. Examination of the roentgenograms revealed 
the presence of dissection of the descending thoracic aorta lesultmg from the injection of 
the contrast material between the lajers of the wall of the aorta above the diaphragm 
(Fig. 1). The appearance was that of complete aortic obstruction. A subsequent film 
taken 30 minutes later showed that all of the dye in the aorta had disappeared and tint 
there was an excellent concentration of dye m the urinary bladder, attesting to the preser 
vation of renal blood flow (Fig. 2). An x ray film of the chest showed no change m the 
cardiac and aoitic silhouette from that observed on admission (Tig. 3). 

Pam in the back, however, continued and it was decided that operative repair of the 
dissection of the thoracic aorta should bo performed Hypothermia was induced b> externa' 
cooling until a low temperature of 29° C. was attained i hours after the dissection 
the patient on the right side a left posterolateral thoracotomy was perfoimed at the four' 
interspace. The wall of the aorta was discolored with extravasated blood from the origin 
of the subclavian artery to the diaphragm and its pulsations were diminished. The nppe' 
portion of the descending aorta and the distal portion of the arch were mobilized Clamp- 
were placed across the aorta proximal to the origin 0 f the left subclavian artery and )» "' c 
mid thorax and the aorta was transected The dissection was found to involve about two 
thirds of the diameter of the vessel, beginning at- the ongm of the left subclavian arterj 
On the lesser curvature of the aorta, opposite the origin of the left subclavian arterv, were 
several atherosclerotic ulcerated areas in the mtnna A ten centimeter length of the aoita 
including these ulcerated areas, was excised and replaced with a pre clotted knitted Dacron 
prosthesis. The fake lumen was excluded both proximally and distallj bj suturing bo' h 
layers of the aorta together to the prosthesis The damps were removed and the circulation 
restored. The immediate condition of the patient was satisfactory. Three days later a 
traeheostomv was performed to facilitate the removal of retained secretions from Hi’’ 



Fig:. 1 2 - 

Fig 1 —X-ray film demonstrating radiopaque substance a ltlun the aortic wall causing 
transient obstruction 

Fig 2 —Disappearance of radiopaque substance from the aorta and dense concentration 
in tho urinary bladder 30 minutes after injection 



i 

I— 

I'm 3 —Normal contour of thoracic aorta 1 hour after injection. 
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tracheobronchial tree. At the same time, because of poor arterial flow to the left upper 
extremity, the left brachial artery, which had been utilized as a pathway for the intro¬ 
duction of the catheter, was explored and a thrombus removed from the artery distal to the 
origin of the profunda branch by retrograde flush. There was no evidence of dissection 
in the brachial artery. 

Three weeks later the patient was operated upon for his arteriosclerotic abdominal 
aortic aneurysm. The aneurysm was found to be large and lobulated and to arise just 
distal to the renal arteries. The aorta, proximal to the aneurysm, was badly diseased but 
there was no evidence that dissection extended below the diaphragm. The aneurysm "is 
excised and replaced with a knitted Dacron bifurcation prosthesis, is The patient made a 
satisfactory convalescence after the resection of the abdominal aortic aneurysm and "as 
discharged from the hospital 12 days after the last operation. 

When he was seen in follow-up examination 6 months later his general condition rvas 
satisfactory. However, there was evidence of marked impairment of arterial flow to 
the left upper extremity. No pulses were felt distal to the left subclavian artery and there 
was hypesthesia and limitation of flexion of the fingers of the left hand. X-ra) es 
amination of the chest was unchanged. The lung fields were clear and only minimal widening 
of the aorta superiorly was noted. 


DISCUSSION 

The normal appearance of the aortic silhouette shortly after the production 
of the dissection by injection of the dye is shown in Fig. 3. The presence of 
the opaque material between the layers of the wall of the aorta at the com¬ 
pletion of the injection is shown in Fig. 1. There is a sharp, right border o 
the opaque substance with a less definite contour to the left. There is minima 
filling of the branches of the thoracic aorta, and, apparently, a complete obstruc¬ 
tion of the aorta just above the level of the diaphragm. The dampened flew 0 
blood from the catheter, the occurrence of severe characteristic back pain at the 
time of the injection of the opaque substance, and the appearance of the film 
leave no doubt that the dissection occurred as a result of, and at the time o , 
the performance of the study. The contrast material apparently was prompt!.' 
removed from its position between the layers of the aortic wall as indicated b' 
its absence from the wall on the later film and the presence of normal femora 
pulses shortly after the performance of the study. Also, there was excellent 
excretion of the material by way of the kidneys as indicated hy its presence m 
the urinary bladder as shown in Fig. 2. 

The dissection probably occurred in the following fashion. The conven¬ 
tional No. 8 Lehman catheter was introduced without complication from d lC 
ulnar artery to the aorta. As it passed from the origin of the subclavian 
artery across the aortic lumen the tip of the catheter impinged upon one of the 
ulcerated areas, noted at operation, in the intima of the lesser curvature of 
the aorta. It was then advanced distally between the layers of the aortic wall 
dissecting sufficiently so that blood following it could be obtained through the 
catheter (Fig. 4). Only' mild discomfort was experienced by the patient at this 
stage. The dissection was completed by the injection of the radiopaque sub¬ 
stance under considerable pressure by means of the automatic injector (Fig. b) - 
It was at this time that the patient experienced the classical severe tearing pain- 
The extent of the dissecting aneurysm is shown in Fig. G and the final result 
in Fig. I- 



Fig. 4. 


Fig. 5. 


Fig. 4.—Passage of catheter through ulcerated area in the aortic ■wall. 
Fig. 5.—Dissection produced by injection under pressure. 




Fig. 6.—Extent of dissection. 

elusion'or Vh7^. al . r i e£ult after excision and replacement of the source of the dissection e-r 
domlnalAneurysm ’ proxlmaI1 - v and distallv. and resection and replacement'?? u£ ab 
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The poor prognosis of spontaneous dissection of the thoracic aorta and the 
continuation of pain in the back prompted the application of the operation for 
the control of dissecting aortic aneurysm described by De Bakey and his as¬ 
sociates. 12 In this instance the location of the point of intimal perforation in 
an accessible area of the aorta distal to the proximal clamp permitted the 
performance of a curative type of operation •with exclusion of the external 
lumen, both proximally and distally. The result achieved by this operation 
was such as to permit the patient to undergo successful resection of an abdominal 
aortic aneurysm 3 weeks later. The origin of the abdominal aneurysm distal 
to the renal arteries is in keeping with the characteristics of the great majontj 
of these lesions. 2 The undesirability of performing diagnostic studies which 
are not necessary is obvious. 


SUMMARY 

The occurrence of a dissecting aneurysm of the thoracic aorta as a compli¬ 
cation of a catheter aortogram has been described. The dissection probably oc¬ 
curred as the catheter tip penetrated an atherosclerotic ulcer of the mtima 
The aneurysm was successfully treated by excision and replacement with a 
knitted Dacron prosthesis. Subsequently an arteriosclerotic aneurysm of the 
abdominal aorta was replaced with a Dacron bifurcation prosthesis. Six mon < 
later the condition of the patient was satisfactory except for impairment o 
arterial flow to the left upper extremity. 
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experimental excision of portions 

OF THE LEFT VENTRICLE 


Marcus t. Dillon, M.D., Masami Fujita, M.D., and 
L. C. Smith, M.D., Durham, A T . C. 

A long-term study of the effects of excision of portions of the left ventricle 
cannot be found in the literature. With the rapid advances in cardio¬ 
vascular surgery, the excision of acute infarction is now an actuality, and such 
a study can act as a guide as to what to expect functionally and pathologically. 

Excision of acute myocardial infarcts was advocated by Murray 1 on the 
basis of experimental evidence in dogs. The left anterior descending coronary 
artery was ligated proximal to the distal two or three large terminal branches 
over the mid-portion of the left ventricle. This produced a lowering of the blood 
pressure and cardiac output with rapid progressive heart failure. After ex¬ 
cision of the involved myocardium, the heart failure regressed and many of the 
dogs lived for 1 to 2 years. 

Bailey and Gilman- excised a larger portion of the infarcted left ventricle 
by removing the segment involved by ligation of the left anterior descending 
coronary artery. All of these animals developed a heart failure syndrome 
similar to experimentally produced mitral stenosis. Of those surviving opera¬ 
tion, 80 per cent died of heart failure. Carter and MacMillan 3 excised apical 
portions of the left ventricle in 25 dogs with 13 surviving for long-term study. 
There was no impairment of cardiac function or emboli in these animals. 

The purpose of tills study was to observe the effects on the heart of excision 
of portions of the left ventricle. As Bailey and Gilman’s work showed a limita¬ 
tion in the amount of the left ventricle which could be excised, small areas were 
intentionally removed in order to obtain long-term survival for follow-up study. 


METHODS 


Mongrel dogs were used, varying in weight from 7.6 to 26.8 kilograms. 
Nembutal anesthesia was induced and the trachea intubated. A cuff on the 
endotracheal tube was inflated and carefully checked for leakage. The expired 
air was collected in Douglas bags after passage through a gas meter. Arterial 
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blood samples were collected from a femoral artery catheter. A cardiac catheter 
was placed into the right ventricle through a femoral vein cut down, and was 
positioned by observing the right ventricular pressure curve on a Sanborn re¬ 
corder. Expired air oxygen concentration was determined with a Beckman 0 ; 
analyzer. Arterial and venous oxygen concentrations were determined by the 
method of Hickam and Frayser. 4 The cardiac output was then determined by 
the Fick principle. 

After obtaining an initial cardiac output, the left side of the chest was 
opened and one of the large branches of the left anterior descending or left 
circumflex coronary artery was tied off. The area of cyanosis and paradoxical 
motion was observed and this outlined the area for excision. This usually 
amounted to an oblong area about 4 cm. long and 2 cm. wide. The surrounding 
normal-appearing muscle was approximated with mattress sutures of No. 1-0 
chromic catgut on a large, curved, swaged-on needle. A continuous No. 1-0 
silk arterial suture was then placed at the distal end of the puckered nno 
cardium; as the myocardium was excised with small scissors, the continuous 
over-and-over suture was advanced. The pericardium was loosely closed, and 
the thoracotomy wound was closed in layers over a large catheter. The plemal 
cavity was aspirated well and the chest catheter was removed. Samples uere 
then obtained for a repeat cardiac output. Subsequent determinations of cardiac 
output were done in a manner similar to the initial output. 

An adequate depth of anesthesia was found to be necessary to prevent 
forceful expiration by the dog against the inflation phase of the respirator with 
loss of air from the system. Right ventricular samples were used instead o! the 
pulmonary artery, since samples could seldom be withdrawal successfully from 
the pulmonary artery. 


CLINICAL COURSE 

Twenty-two dogs had an area of the heart excised which was made cyanotic 
by ligation of a branch of the left anterior descending coronary artery, and 10 
dogs had an area of the heart excised after ligation of a branch of the left cir¬ 
cumflex coronary artery. The causes of death are shown in Table I. 


Table X. Cause of Death: of 32 Dogs Operated Upon 


BRANCH OP LEFT ANTERIOR 
DESCENDING CORONARY 
LIGATED 


BRANCH OF LEFT CIRCUMFU* 
CORONARY LIOATED_ 


Number of animals 


Rupture of heart 6 1 

Empyema 2 2 

Atelectasis . “ 0 

Fibrillation at operation 3 0 

Congestive failure _ 0 1 

Aspiration pneumonia 1 1 

Undetermined 4 1 

Sacrificed _______ 4 
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Nine dogs were operated upon as controls; 4 had a branch of the left 
anterior descending coronary artery ligated, and were observed to have an area 
of cyanosis and paradoxical motion; 5 dogs had a sham operation consisting of 
a left thoracotomy, opening of the pericardium, and manipulation of the heart, 
so that the time of operation was equivalent to the time necessary for excision 
of a portion of the myocardium. 

Of the group which had a branch of the left anterior descending coronary 
artery ligated, 6 died of rupture of the heart between 4 and 12 days post- 
operatively. One of these dogs developed areas of skin necrosis from arterial 
emboli. Two dogs died of empyema on the fifth and fourteenth days; 3 of 
atelectasis on the first, second, and fourth postoperative day. Three dogs died 
at the time of operation from ventricular fibrillation. One dog died 2 months 
after operation from aspiration pneumonia following anesthesia for coronary 
arteriograms. One dog died 4 days after operation from an undetermined 
cause. Six dogs were sacrificed at 5, 6, 7, 12, 15, and 27 months after operation. 

Of the group which had a branch of the left circumflex coronary artery 
ligated, 1 died of rupture of the heart 7 days postoperatively, and 2 died of 
empyema on the fifth and fourteenth days. One dog died of congestive heart 
failure 13 weeks after operation. This dog (C 27) had had a repeat cardiac 
output 1 day prior to death, at which time 4 L. of abdominal ascitic fluid were 
withdrawn. Autopsy showed mitral insufficiency due to the posterior papillary 
muscle being caught in the suture line. One dog (C 26) died 10 weeks after 
ventricular resection of aspiration pneumonia the day after a repeat cardiac 
output. One dog died on the first postoperative day of an undetermined cause. 
The remaining 4 dogs were sacrificed at 1, 2, 5, and 7 months. 

The 4 control dogs, which had the branch of the left anterior descending 
coronary artery ligated, all did well after operation. One was autopsied at 3 
weeks; 2 were autopsied at 4 weeks; and 1 was autopsied at 6 weeks. 

The 5 control dogs which had sham operations did well after operation; 
3 were not followed, and 2 were autopsied at 3 weeks. 


Table II. Cardiac Output in Litep.s pep. Minute in Dogs Which Survived for Repeat 

Determination* 


dog 

number 


WEIGHT 

1 1 2-3 

4-6 


(KG.) 

INITIAL 1 POSTOP. 1 WEEKS 

WEEKS 

WEEKS 1 


CIO 

10.0 

2.7 

1.5 


2.6 

C15 

20.0 

5.9 

4.7 


4.0 

C 16 

13.6 

3.2 

1.8 

1.6 


C 20 

21.1 

5.4 

1.8 

3.0 


C 23 

26.8 

7.1 

2.4 


2.7 

C 25 

19.1 

4.5 

2.7 

1.5 

3.5 

C 20 

7.6 

0.6 

0.4 

2.0 


C 27 

10.5 

2.7 

0.9 


2.0 

C2S 

20.9 

5.6 

1.4 

1.6 


C 30 

10.0 

3.5 

.7 

3.0 

3.R 

C 31 

19.2 

3.8 

2.9 

3.1 



3.1 

1.0 

5.6 

3.4 


20-28 

WEEKS 


4.3 

4.5 

4.2 

2.9 


subpeqmjnt* 1 ^ 3 5AO r an ^rc^^c-^cised 

t ™‘?^ CX - C ? r ?- nary artc . r >’- C 2G which was a younpdol^ CTew i,^ nC t le f of the left 

Wc. to 11.5 Kr C 27 also pained weipht durimr Period of observa- 

Ddpht pain Is accounted for by the fluid retention from codpeftivd heart 1 faiIure Ser ' atl ° n ' ™ s 
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CARDIAC OUTPUTS 

The data for the cardiac output findings in those animals which had them 
repeated at intervals after operation are shown in Table II. 

The data for those dogs which had only a preoperative and immediate post¬ 
operative cardiac output done are shown in Table III. All but 4 of the 27 dogs 
with pre- and postoperative cardiac outputs showed a drop in cardiac output 
immediately after operation. A tendency was apparent for the cardiac output to 
increase with time after resection. In 1 case (C 27) congestive failure developed, 
and a subsequent fall in cardiac output was noted 13 weeks postoperative!}'. One 
dog (C 26) was a 7.6 kilogram puppy at the time of operation, and at the time 
of the last cardiac output weighed 14.5 kilogram. In this dog both subsequent 
cardiac outputs exceeded the initial level. 


Table III. Cardiac Output in Liters per Minute in Dogs Which Did Not Survive ror. 

Repeat Determination 


DOG number | 

| WEIGHT 

[ (KG.) 

CO L./MIN. 

(initial) 

CO L./MIN. ; 

(tostop.) I 

I - PORTION Of 
VENTRICLE 
EXCISED 

C 5 

12.0 

2.4 

2.3 

LAD' 

C 6 

15.0 

1.0 

0.5 

LAD 

C 7 

23.2 

4.8 

1.3 

LAD 

C 8 

15.4 

3.9 

1.2 

lad 

C 9 

9.3 

0.7 

0.7 

LCt 

C 11 

12.3 

1.3 

1.9 

LAD 

C 12 

15.0 

2.0 

1.0 

lad 

C 13 

17.0 

1.5 

1.1 

LAD 

C 14 

15.0 

3.2 

1.8 

LAD 

C 17 

13.1 

3.0 

1.3 

lad 

G 18 

18.9 

2.9 

1.1 

lad 

C 19 

12.5 

1.6 

1.2 

lad 

C 21 

18.2 

3.4 

0.7 

lad 

C 22 

19.5 

2.3 

1.9 

LAD 

C 29 

22.7 

6.1 

6.4 

LC 

C 32 

10 

0.9 

0.4 

LC _ 


•LAD = Area of heart supplied by branches of the left anterior descending corona 
artery. 

fLC = Area of heart supplied by branches of the left circumflex artery. 


The data for the control group is shown in Table IV. In all 4 of the do?> 
which had the branch of the coronary artery ligated, there was a signifies" 1 
drop in the cardiac output. The 1 dog which had a return to normal cardiac 
output in 2 weeks had no evidence of infarction at autopsy 3 weeks after 
operation (CA 79). Dog B 12 had a return to preoperative cardiac output at 
4 weeks, and at autopsy was found to have an infarction which was small and 
extended only about halfway through the thickness of the myocardium. 

CA 52 and CA 74 did not have a return of the cardiac output to preoperative 
levels at 4 weeks and G weeks postoperatively. At autopsy both were found to 
have healing infarcts involving the full thickness of the myocardium. 

Of the group of 5 dogs which had sham operations, only 1 (B 7) bad a 
significant fall in cardiac output immediately after operation. There was a 
return to preoperative output at 2 weeks. 
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Table IV. Cardiac Outputs in Lttees res Minute on Control Dogs 


DOG 

MTJfBEP. 

"WEIGHT 

(KG.) 

INITIAL 

immediately 

POSTOP. 



Cyteeks 

POSTOP. 



Coronary Artery Branch Tied 



CA 79 

113 

2 2 

1.3 

3.2 



CA 74 

7.7 

1.7 

0.9 

1.3 

1.0 


B 12 

9.1 

2.1 

12 

1.3 

2.1 


CA52 

1S.6 

6.0 

3.6 

3.2 

4.0 

4.2 




Sham Operation 




B 7 

12.7 

40 

2.4 

44 



CAS5 

23 2 

3.4 

3.1 

5.7 



B 5 

10 9 

3.1 

2.9 




SI 

10.4 

23 

2 3 




36 

ll.S 

14 

12 





INITIAL RECORD 30 APRIL 1958 



IMMEDIATELY AFTER EXCISION 30 APRIL 1958 



6 WEEKS AFTER EXCISION 18 JUNE 1958 



DURING POSITIONING OF CATHETER 18 JUNE 1958 



cxc£ion e of th th upatl0 » f °^« 1 c 1C ^=^>es U, oP{h 1 ( . i 'l e R 0 ^ e ri°or d d™2Tnrt at c' 3 tte charges 

excision of the cyanotic portion of the myocardium. 1Dr Ge -©ending coronary artery and. 
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ELECTROCARDIOGRAPHIC CHANGES 

The electrocardiographic changes were not striking in the group which had 
branches of the left anterior descending coronary artery ligated, and range 
from no significant change to T-wave inversion and slight S-T segment widening. 
Fig. 1 shows the changes in Lead III which occurred in Dog C 10. A period 
of a large number of ventricular complexes which occurred during positioning 
of the cardiac catheter in the right ventricle is also shown. This was found to 
occur in practically every one of 32 animals studied, but to a much less degree. 


INITIAL RECORD 10 DEC 1958 


-J A , 1 




IMMEDIATELY AFTER EXCISION 10 DEC 1958 


tn —v . L H 


1 \ " 1 ■ . . • ■ ’ I . 5 1 '| 

I 

4 WEEKS AFTER EXCISION 7 JAN 1959 


: ' ! ; i • r • ; ! '■ ; \ 

j ■ 

["■ "'—A n4:.i \.r-* JL, A. - / \d. 

i i ■ ■ ■ . i . . ■ 


i ! 1 '■ 

,i~_i ■'V / r -'—4,■ 


11 WEEKS AFTER EXCISION 25 FEB 1959 


A.^vy./ U \ ^ ^ r -T.. 

Fig. 2.—Lead III of the electrocardiogram In Dog C 30 demonstrates Uic acute Icjen 
pattern after llpation of a branch of the left circumflex coronary artery and excision 
cyanotic area of myocardium. Note the recovery at 4 weeks. 

In the group which had ventricular resection after a branch of the kb 
circumflex artery was ligated, more striking changes were found. These change 
were an acute injury pattern with S-T elevation and T-wave inversion as sho" 11 
in Fig. 2. 

In the control group with ligation of a branch of the anterior descending 
coronary artery, there were minor electrocardiographic changes similar to those 
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seen in the excision group. These changes had all reverted to normal by the 
second week after ligation. 

In the control group with a sham operation, only 1 of the 5 showed electro¬ 
cardiographic changes. This dog (CA 85) had 30-second occlusion of a large 
proximal branch of the left anterior descending coronary artery, and developed 
an acute injury pattern which had reverted to normal within 30 minutes. 

In both the operative and control group, the electrocardiographic changes 
had returned to normal within 2 weeks. 


VENTRICULAR FIBRILLATION 

Ventricular fibrillation occurred six times. On the first two occasions, an 
electrical defibrillator was not available and both dogs died. Electrical de¬ 
fibrillation was successful in the other 4, but 1 dog did not recover satisfactory 
heart efficiency and died within an hour. Fibrillation occurred once prior to 
ligation and the others within 30 minutes after coronary artery ligation. Ven¬ 
tricular fibrillation did not occur in the control group. 


BLOOD PRESSURE 

There was no precipitous drop in blood pressure that correlated with ligation 
of the coronary artery. Twenty-seven dogs had the blood pressure recorded 
before, during, and after the operative procedure. In 18 of these, there was a 
transient fall in blood pressure associated until manipulation of the heart. 
This averaged about 65 mm. Hg fall in the systolic blood pressure. In 9, there 
was a transient average rise of blood pressure of 9 mm. Hg. By the end of the 
procedure there was an average fall in the systolic blood pressure of 55 mm. 
Hg in 24 of the dogs. Three had an average rise of 10 mm. Hg in the systolic 
blood pressure at the end of the procedure, and 2 of these 3 also did not have 
a fall in the cardiac output. Conversely, of the 4 dogs which did not have a 
drop in the cardiac output at the end of the procedure, 2 had a rise in the 
systolic blood pressure, and the other 2 did not have the blood pressure measured. 
In those dogs which had subsequent cardiac outputs done, the lowered systolic 
blood pressure had returned to normal preoperative levels in all but 3 (C 23 
C 27, and C 28). 

In the control group with ligation of a branch of the left anterior descending 
coronary artery, there was no fall in the blood pressure associated with the 
actual vessel ligation. There was an average fall in the systolic blood pressure 
in these 4 dogs of 40 mm. ng from beginning to end of the operation. Two 
weeks after operation there was an average rise in the systolic blood pressure 
of 15 mm. Hg above the preoperative level. 

In the control group with a sham operation, there was an average fall in 
systolic pressure of 20 mm. ng below the preoperative levels. 


DISCUSSION 

The high incidence of disruption of the cardiac wounds fnnnrl -n * 

™ »' •>— »r «l.e 
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finding' was also demonstrated by Carter and MacMillan. 3 The lower rate of 
wound disruption in those dogs which had areas excised that were supplied by 
branches of the left circumflex coronary artery was probably dire to the partial 
covering effect of the posterior papillary muscle over the myocardial wound. A 
two- and three-layer closure of continuous sutures with the aid of extracorporeal 
circulation gives a much more satisfactory approximation of the wound edges. 
None of the 3 dogs, however, closed in this manner survived beyond the first 
postoperative day due to brain damage, and no long-time wound studies have 
been done. Our experience with one human case, using a mattress type of suture 
technique for a large ventricular aneurysm, resulted in a false aneurysm de¬ 
veloping at the suture line which required re-operation in 4 months. 

Congestive heart failure was not a problem in these dogs which was prob¬ 
ably because of the small area of myocardium involved. There was 1 dog in 
which decompensation did develop and this was thought to be due to mitral 
insufficiency from catching and fixing the chordae tendineae of the mitral valve 
in the suture line. 

The cardiac output was shown to fall in the control group from ligation of 
a coronary artery, if an area of cyanosis and absence of contraction was pro¬ 
duced. It was also shown in this group that if infarction was not produced 
(CA 1 9) or if the area of infarction was small and did not involve the full 
thickness of the myocardium (B 12), the return to preoperative output vas 
rather rapid, within 2 to 4 weeks. Normal function did not return within 1 
to 6 weeks in 2 dogs which had an infarction involving the full thickness of the 
myocardium. These findings in the control group substantiate the findings in 
the operative group (see Table II) which was followed for many months. At 
autopsy the myocardial scar was similar in size and appearance to the scar 
produced by infarction from ligating a coronary artery. The control group of 
sham operations demonstrated that thoracotomy and manipulation of the heart 
affect the cardiac output very little. 

The electrocardiographic changes which in some cases were very striking 
did not persist for long. All animals were restudied within 2 to 6 weeks after 
operation. In every dog which survived for follow-up study, the electro¬ 
cardiogram had returned to normal. 

No correlation could be found between the blood pressure changes and 
cardiac output which was not surprising, in view of the mechanisms of blood 
pressure control. 

SUMMARY AND CONCLUSIONS 

Thirty-tw o dogs had a branch of the coronary artery ligated which pro - 
duced a small area of cyanosis over an area of the left ventricle. The area of 
cyanosis was excised, and the animals studied at intervals before and after 
operation for changes in the clinical course, cardiac output, blood pressure, 
electrocardiogram, and morphologic changes in the heart. One control group 
of 4 dogs with various branches of the coronary arteries ligated was studied in 
a similar manner as was another control group of 5 dogs with a sham operation- 



Vd. -so. No. 2 EXCISION OF PORTIONS OF LEFT VENTBICEE 22-3 

Aurcst, I9M) 

Ligation, alone or ligation with excision of tlie cyanotic myocardium produced 
similar changes in the cardiac output, electrocardiogram, and morphology of the 
myocardium. Thoracotomy and manipulation of the heart produced little or 
no changes in the areas investigated in a control group of animals. 

There appears to he no advantage to excising an area of small acute myo¬ 
cardial infarction in -which the resulting scar -will he as large as the scar from 
the healing infarct. The mattress suture technique used in these experiments is 
unsatisfactory due to strangulation of the myocardium and frequent rupture of 
the suture line. 


REFERENCES 

1. Murray, G.: The Pathophysiology of the Cause of Death From Coronary Thrombosis, 

Ann. Snrg. 126: 523-534, 1947. 0 

2. Bailey, C. P., and Gilman, B. A.: Experimental and Clinical Besection for Ventricular 

Aneurysm, Snrg. Gynec. & Obst. 104: 539-542, 1957. 

3. Carter. B. N., and MacMillan, B. G.: Technique for Excision of Portions of the Entire 

Thickness of the Ventricles of the Heart, An Experimental Studv. Surg. Gvnec. £: 
Obst. 90: 2S2-290, 1950. 

4. Hickam. J. B.. and Fraxser, B.: Spectrophotometrie Determination of Blood Oxvgen. 

J. Biol. Chem. 180: 457-465, 1949. 

5. Greenfield. J. C.. Jr., and Dillon, M. L., Jr.: Hemorrhagic Pericardial Effusion Following 

Myocardial Infarction Associated With a Ventricular Aneurrsm. Am. Heart J. 57: 
327-332, 1959. 



EXPERIMENTAL TEFLON REPLACEMENT OF THE SUPERIOR 
VENA CAVA AND ATRIOCAVAL JUNCTION 

Michel Y. Peter, M.D.* Alexander C. Hering, Captain (MC) USN,** 
and Elton Watkins, Jr., M.D.,*** Boston and Chelsea, Mass. 


INTRODUCTION 


c 


C ontinuing study of suitable replacements for the superior vena cava aw 
its atrial junction is advisable because of the serious consequences of oc 
elusion 10 of these structures by neoplasm, 1 inflammatory conditions, or trauma 
If the block is short, excision and direct anastomosis of the superior vena cava 
to the right atrium has been shown to be feasible by Gerbode and colleagues, 
and more recently by Riberi and Moore. 23 For the management of longer b oc'S, 
Sauvage and Wesolowski, 24 Scanned and Shaw, 25 and Schauble and associate 
have reported satisfactory results with the use of venous grafts, while o 
authors 3 did not find vein grafts satisfactory. In 1954, Holman and Stein ci e 
reported successful relief of human superior vena caval occlusion using * 
homologous arterial graft, while Ohara and Sakai, 22 and MacLean and assocu 
ates 21 concluded that such arterial segments were unsatisfactory in dogs, i 
different fabrics of plastic material have been employed to replace veins. > ’ 

Dacron, Orion, and Ivalon fabrics or polyethylene tubes are not satis ac .. 
materials for use as experimental venous prostheses according to reports 
Egdalil, Hume, and Sclilang, 5 ’ c Deterling and Blionslay, 3 ’ 4 and MacLean an 
colleagues. 21 

From these reports it would appear that the successful grafting of g rca 
veins is considerably more capricious than is the replacement of arterial S0o 
ments. The relatively slow venous blood flow and the ease of mechanical ^ 
tortion of suture lines in the low pressure venous system must contribute 
the poor results obtained when grafts or prosthetic materials are placed to 


venous defects. 
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Recent reports on the surgical characteristics of the new tetrafluorethylene 
fabric, Teflon, have suggested that this material might prove superior to other 
prostheses applied to the venous system. Teflon has performed well when used 
for arterial replacement 9 ' 11 ’ 13 ' 17 and it has been apparent from the studies of 
Girvin and his co-workers, 9 Harrison, 13 * 11 and LeVeen and Barberio- 0 that the 
substance causes minimal tissue reaction. Consequently, we have undertaken 
an experimental study of superior vena eaval replacement with this type of 
fabric tube. 


METHODS 

Stock mongrel dogs, varying in weight from 10 to 15 Kg., were anesthetized 
with Pentothal administered intravenously in concentrations of 25 mg. per kilo¬ 
gram of body weight. A right thoracotomy was carried out. The superior 
vena cava and upper portion of the right atrium were exposed by incision of 
the mediastinal pleura and pericardium. Care was taken to avoid injury to 
the adventitial planes of the vena cava. The azygos vein was divided between 
ligatures. Potts ductus clamps were applied to the vena cava or atrium, suit¬ 
able segments of the vessel excised, and prosthetic replacement carried out. 
The prosthetic device inserted was the crimped, woven, tetrafluorethylene fabric, 
12 mm. in diameter/ The grafts were not preelotted. The field was moistened 
with saline solution but anticoagulants were not used. 

In one group of animals, segments of the superior vena cava, varying in 
length from 2 to 4 cm., were excised and were replaced by the fabric. The 
anastomoses were carried out by continuous glover’s suture of atraumatic 4-0 
silk. 

In the second group of animals, similar lengths of the superior vena cava 
were excised including the atriocaval junction; the atrial defect was closed with 
sutures, and the Teflon prosthesis connected between the distal superior vena 
cava and a linear defect placed in the side of the right atrium immediately ad¬ 
jacent to the atriocaval junction. 

Postoperatively the animals were given injections of penicillin and strepto¬ 
mycin for a period of several days and were then placed on full activity in an 
animal run. 


RESULTS 


We have placed 30 grafts in defects in the superior vena cava. Of these 
animals, 11 died between 1 and 60 days after operation, 5 died of postoperative 
shock within 24 hom-s, 3 died of empyema, and 3 died of livdrothorax secondary 
to thrombosis of the graft and progressive deterioration. The development of 
graft thrombosis was demonstrated by a loss of vitality, appetite, and hair, and 
ventilator}’ disturbance. In the S animals that died' of shock and empyema, 
one graft, was partially obstructed by thrombus and seven were found to be 
completely patent. 
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marked narrowing as a result of tire contracture of the anastomosis. The three 
completely obstructed grafts have revealed thrombosis involving the entire pros¬ 
thesis (Table I). 

A graft was placed at the atrioeaval junction in 7 animals. Four animals 
died between 1 and 22 days after operation. 2 died of postoperative shock, and 
2 of hydrothorax resulting from total prosthesis thrombosis. Of the 3 survivors, 
one graft was patent after 1 month, and two grafts were narrowed by con¬ 
tracture of the atrial suture line at 3 and (5 months, respectively, after opera¬ 
tion. In 2 of the nonsurvivors, the grafts were completely obstructed at 7 and 
22 days after operation (Table II). 



Fig 


3—Venogram illustrating Mule patency ot a ca\o-ca\al Teflon prosthesis at 10 months 



Table II. Atriocaval Junction Grafts (Total Follow-up) 



24 hr. 

1 wk. 

3 wk. 

2 

1 

1 

1 mo. 

1 

3 mo. 

t 

6 mo. 

1 
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Of 19 long-term survivors in apparent normal health, ten grafts have been 
completely patent, six partially narrowed, and three thrombosed completely. 
Of the ten patent grafts, three showed slight narrowing of the anastomosis 
without consequence to the blood flow through the graft. Of the six grafts 
that became partially occluded, four have shown a small thrombosis and two a 



Fisr. I Fig 2. 

Fig. 1.—Teflon prosthesis in situ in the superior vena cava 9 months afte E i f/' e „ r f'ojfgh 
Absence of significant tissue reaction about the graft is apparent. Prosthesis is *»■ 
to hold the lumen of the vena cava open along each suture line * 

Fig 2.—Interior of the same prosthesis. Suture line is not contracted at either 
the prosthesis 


Table I. Superior Vena Caval Grafts (Total Follow-up) 





PARTIAL. OBSTRUC- 




TION, NARROW- 

TIME AFTER 



ING, OR THROAT- 

OPERATION 

NUMBER 

PATENCY 

BOSIS 


24 hr. 
5 da. 


wk. 
wk. 
wk. 
mo. 
mo. 
mo. 
mo. 
mo. 
mo. 
7 mo. 
S mo. 
9 mo. 
10 mo. 


1 

2 

3 

1 

2 

3 

4 

5 
0 


0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

0 

1 


total obstruc 

TIONIWMiRMJ 

BOSIS 
0 
0 
0 
1 
0 
0 
2 
0 
0 
1 
0 
1 
0 
1 
0 


Totals 


30 
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DISCUSSION 

Tetion fabric was easy to suture and the edge of the vessel and graft was 
well everted by a single, continuous glover's suture line. The corrugated nature 
of the tube would appear to present advantages in maintaining patency after 
venous anastomosis since such a fabrication lias a stentlike action on luminal 
shape and suture lines are well separated. The importance ot holding an atrio- 
caval anastomosis open has been emphasized by Benvenuto and Lewis.* A 
similar stenting action may account for the success of an Ivalon-Lucite pros¬ 
thesis placed by MacLean and colleagues*' in the inferior vena cava. 

It has been shown by Harrison and co-workers'*- '• and LeA een and Bar- 
berio*’ that Teflon causes minimal tissue reaction and this has been confirmed 
by our own study. There is little fibrotic reaction along the exterior walls of 
the prosthesis and complete absence of collapse of the prosthesis secondary to 
external compression. 

Ivalon. Dacron, nylon, and Orion used as venous prostheses have been 
widely studied by Deterling and Bhonslay. 1 Egdahl.® and MacLean and as¬ 
sociates." Ohara and Sakai. : * Sauvage and Wcsolowskiu 1 and Schauble and co- 
workers'- and have been found generally unsatisfactory because of a tendency 
to become obstructed by early thrombosis. In comparison with these studies, 
we have found Teflon to have a higher patency rate. There has been no time 
limit at which all grafts have become occluded. Obstruction by thrombosis has 
occurred between 1 week and 10 months. 

When a graft has thrombosed gradually, development of collateral cir¬ 
culation has usually been sufficient to allow adequate superior caval return to 
the heart. When total graft obstruction was present, it was always seeoudary 
to thrombosis originating at a suture line. In some instances, narrowing has 
been found to occlude the graft partially, usually at only one end of the pius- 
tliesis. In no instance has associated collapse of the prosthesis been noted and. 
when thrombosed, it has remained free of contracture and has retained its 
original shape. 

The general appearance and behavior of the animals usually indicated that 
a graft was becoming obstructed. Edema of the head and upper extremities 
has not occurred, but there has been a loss of vitality and weight. The absence 
of edema and slow progression of other signs have been considered secondary 
to the extensive collateral circulation developed. 

In conjunction with the finding of a relatively low incidence of occlusions 
(all arising at the sutm-e line), it must be remembered that the human beinn 
does not possess as active a coagulation mechanism as the dog so that minor 
irregularities in the suture lines would be more likely to cause tlu-ombosis in 
the dog than in the human being. These facts have led us to believe that the 
larger Teflon prostheses required for human superior caval replacement would 
be even more likely to succeed. We have placed two such prostheses in human 
beings and have been favorably impressed by their initial characteristics. De¬ 
tails of the operative procedures and long-term follow-up will be presented in 
a future publication. 
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Fig-. 4.—Atriocaval prosthesis at 6 months. There is evidence of moderate contra 
of the atrial suture line, but the graft is completely endothelized and patent This degree 
narrowing- at the atrial suture line would be classified as “partial occlusion." 



Fig. 5 
Teflon; C, 
fabric. 


_Teflon prosthesis at 9 months (xlOO; reduced 

perivascular fibrous tissue. Note the absence of 


Mo). 

tissue 


A, Endothelial s 4 r ^ a ~v,'<;tlc 
reaction about the P* 3 - 
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DISCUSSION 

Teflon fabric was easy to suture and the edge of the vessel and graft was 
well everted by a single, continuous glover's suture line. The corrugated nature 
of the tube would appear to present advantages in maintaining patency after 
venous anastomosis since such a fabrication has a stentlike action on luminal 
shape and suture lines are well separated. The importance of holding an atrio- 
caval anastomosis open has been emphasized by Benvenuto and Lewis.- A 
similar stenting action may account for the success of an Ivalon-Lucite pros¬ 
thesis placed by MacLean and colleagues- 1 in the inferior vena cava. 

It has been shown by Harrison and co-workers 1 -' ’• and LcA een and Bar- 
berio : ° that Teflon causes minimal tissue reaction and this has been confirmed 
by our own study. There is little fibrotic reaction along the exterior walls of 
the prosthesis and complete absence of collapse of the prosthesis secondary to 
external compression. 

Ivalon, Dacron, nylon, and Orion used as venous prostheses have been 
widely studied by Deterling and Blionslay, 3 Egdahl,® and MacLean and as¬ 
sociates. 21 Ohara and Sakai, 22 Sauvage and Wesolowski, 21 and Schauble and co- 
workers 20 and have been found generally unsatisfactory because of a tendency 
to become obstructed by early thrombosis. In comparison with these studies, 
we have found Teflon to have a higher patency rate. There has been no time 
limit at which all grafts have become oeeluded. Obstruction by thrombosis has 
occurred between 1 week and 10 montlis. 

When a graft has thrombosed gradually, development of collateral cir¬ 
culation has usually been sufficient to allow adeejuate superior caval return to 
the heart. When total graft obstruction was present, it was always seeondary 
to thrombosis originating at a suture line. In some instances, narrowing has 
been found to occlude the graft partially, usually at only one end of the pros¬ 
thesis. In no instance has associated collapse of the prosthesis been noted and, 
when thrombosed, it has remained free of contracture and has retained its 
original shape. 

The general appearance and behavior of the animals usually indicated that 
a graft was becoming obstructed. Edema of the head and upper extremities 
has not oeciu'red, but there has been a loss of vitality and weight. The absence 
of edema and slow progression of other signs have been considered secondarv 
to the extensive collateral circulation developed. 

In conjunction with the finding of a relatively low incidence of occlusions 
(all arising at the suture line), it must be remembered that the human being 
does not possess as active a coagulation mechanism as the dog so that minor 
irregularities in the suture lines would be more likely to cause thrombosis in 
the dog than in the human being. These facts have led us to believe that the 
larger Teflon prostheses required for human superior caval replacement would 
be even more likely to succeed. We have placed two such prostheses in human 
beings and have been favorably impressed by their initial characteristics. De¬ 
tails of the operative procedures and long-term follow-up will be presented in 
a future publication. 
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SUMMARY 

The superior vena cava and atrioeaval junction have been replaced in a 
series of dogs by Edwards-type, Teflon arterial graft fabric. After a follow-up 
period of 10 months of thirty grafts in the superior vena cava, seventeen have 
been found patent, seven partially obstructed, and six totally obstructed. Dur¬ 
ing the same period, three of seven atrioeaval grafts have been found to remain 
patent, one has been partially obstructed, and three totally obstructed. 

We are indebted to Mr. Norman Jeekel of the United States Catheter and Instrument 
Co., Glens Palls, New York, and Mr. Alfred B. Beers of the C. R. Bard Inc., for the Teflon 
prostheses used in this study. 
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SUMMARY 

The superior vena cava and atrioeaval junction liave been replaced in £ 
series of does by Edwards-tvpe, Teflon arterial graft fabric. After a follow-up 
period of 10 months of thirty grafts in the superior vena cava, seventeen Lave 
been found patent, seven partially obstructed, and six totally obstructed. Dur- 
imr the same period, three of seven atrioeaval grafts have been found to remain 
patent, one has been partially obstructed, and three totally obstructed. 

We are indebted to Mr. Norman .Teckol of tlie United States Catheter and Instiuzsr 
Co., Glen« Fall-, New York, and Mr. Alfred B. Beers of the C. R. Bard Ir.*-., for the it- - 
prosthe?e s used in this study. 
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A SIMPLIFIED TECHNIQUE FOR CLOSURE OF 
INTERVENTRICULAR SEPTAL DEFECTS 

Benson B. Roe, M.D., San Francisco, Calif. 


I " difficulties of precisely placing sutures in interventricular 

, . * 1 * 3 * S 6 | C ^'* c e ects ale " od known to cardiac surgeons. A right ventriculotomy 
( ocs not ti.neise major coronary vessels often does not provide ideal ex¬ 
posure o tie ventricular septum in the defect area, and the septal leaflet oi 
m tricuspid valve often obscures the lower edge of the defect. Under these 
circumstances it is frequently awkward or impossible to place an ordinary 
sit me necf le in the ideal location and proper direction through the tissue. A 
ai e cuivcc needle is difficult to manipulate in the limited exposure and a 
smaller needle may be impossible to grasp when placed through the septal edge. 

i n 01 inaiy needle holder can be manipulated only by rotation on its long 
axis, particularly when it is introduced into a confined space. Motion of the 
C ,. ^ 1<1S P S 1S ^ nI - s necessarily limited to the plane at right angles, regard- 
c s o iow it is mounted or the curvature in the jaws (Fig. 1). Directing the 
neer o in any ot ler plane is reflected by motion of the instrument handle as a 
o lg lever. I Jus motion is manifestly awkward or impossible inside the ventri- 
. Vveitheless, the desired needle direction is often in a plane parallel to, 
or at acute angles to, the axis of the needle holder. 

To solve tins difficulty, a simple curved needle hook is used as described 
m. /Ivf ° mPa u yn ' S T C iagrams (Fi S- 2). It is easily handled and directed; its 
Inn J tn h i 1 aUd does f ot obscmv thc fold. Its piercing aim is sufficiently 
Tts onlv r? SCCI +i and 11 l ias no tai1 to sna i'e or pierce adjacent tissues. 

. .Jl f \ S i n T SS \ ty ° f mssin " donbic thicknesses of suture ma¬ 
terial adjacent to the needle through the septum; however, the size of this 

T Z C “ n0t S1 f nfica . nt and is doubtless smaller than some holes pro- 
duced by the tuning action of misdirected needles. Furthermore, the direction 


Fig. 2.—Technical steps in placing a . .' 

1 , The needle is mounted with the arm nr su ( ur0 through tlio septal edge, 
grasped with the handle; the short free end extend ,. re th , rmiBh the inside of the needle 
penetrates the tissue. extends through the outside of the hook as it 

B, The outside loop is snared to draw the a end throne 

3. With the o end secured, the needle tip is win ^ ° Ugh ' 
tho operator’s grip. 1 s ' vit hdrawn and the 6 end is released from 

A, The other side of the mattress suture is begun «■»i, 

5, The outside loop is again snared to pull through » t, second needle Pierce. 

6, The hook needle is withdrawn, leaving the mattress suturi^' . 

_ SLi zure in place. 

From the Department of Surgery, University of , 

Francisco, Calif. California School of Medicine, San 

Received for publication Nov. 17, 1953. 
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A. B. 

Fig-. 1—A curved needle mounted on a needle holder (A) cannot be directed through 
tho septal tissue without obliquity. The hook needle (B), with the point parallel to the shaft, 
can be drawn with a simple upward motion 





Fig. 2 .—For legend see opposite page , 
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Fig. 3. Fig. 4. 

Fig. 3.—Instruments used, left to right. Tonsil needle from which hooks were 
IIooU needle used In this technique. Dura hook for snaring suture loop of needle eje. v 
needle. _ , , t 

Fig’. 4.— Result If wrong loop Is snared from the needle holder in the second - 
Suture will have to be withdrawn If this occurs 




pie 5.—Special curved hollow needle with spool of suture material delivered through 
The piercing arm of this needle is a I>o. 22 hypodermic size. In effect, the i arm of lns 
suture loop in sig. 2 is in the shaft of the instrument, rather than floating loose. 
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of tension on the suture tends to be in a straight line through the septum; a 
curved needle travels through this thick tissue in a circular course which must 
he distorted or torn when straight tension is applied. 

This method of suturing can be accomplished as illustrated with a simple 
tonsil hook needle which has been rebent into a more suitable curve (Fig. 3). 
Practice is required to snare the correct side of the loop with a sharp pin hook 
so as not to tear the delicate septal tissue and not to have the loop left through 
the needle eye after both ends are through the tissue (Fig. 4). A new instru¬ 
ment has been developed to facilitate this maneuver and to reduce the size of 
the needle puncture hole. It consists of a hollow shaft and needle tip (No. 22 
hypodermic needle) which carries the suture and delivers a single end of suture 
from a spool on the handle (Fig. 5). 

The technique is rapid for several reasons: (1) the hook is easy to handle 
and simple to direct into the desired position: (2) both arms of the mattress 
suture are introduced with a single mounting in the needle, thus obviating the 
withdrawal of the needle holder and grasping a separate needle; (3) the absence 
of multiple needles around the incision and the use of a suture ring (Fig-®) 
reduces the tangle in the operative field; and (4) the crochet hook facilitates 
bringing the sutures through the patch material with a simple straight down 
and up motion (Fig. 7) obviating the multiple maneuvers of mounting, grasp¬ 
ing, and cutting 12 to 16 curved needles. 

Experience with this technique in the closure of ventricular septal defects, 
when patches have been used, has significantly reduced the operating time 
during carcliotomy and largely obviated the necessity of elective cardioplegia- 

summary 

A simplified timesaving technique for introduction of sutures in confined 
areas is described. Its application for placing of mattress sutures for closure 
of interventricular septal defects with patches lias significantly reduced operat¬ 
ing time. 



AN EFFECTIVE BLOOD HEAT EXCHANGER FOR DEEP HYPO- 
THERMIA IN ASSOCIATION WITH EXTRACORPOREAL 
CIRCULATION BUT EXCLUDING THE OXYGENATOR 

Viking Olov Bjork, ALD., Uppsala, Sweden 

E xtp.acorporeal circulation' with deep hypothermia has made it possible to 
perform prolonged intraeardiac operations in a bloodless field without the 
use of an oxygenator as shown by Drew. Deep hypothermia is therefore an 
alternative to the pump-oxygenator. The aim of this paper is to describe a heat 
exchanger which has proved effective in experiments as well as in clinical eases 
for the induction of deep hypothermia. 

METHOD 

Thirty-nine perfusions with a disc oxygenator were first performed to 
provide a basis for comparison. Then the method of deep hypothermia with 
extracorporeal circulation was tried on dogs, utilizing the same pumps, tubings, 
connectors, reservoirs, and filter. The disc oxygenator was replaced by a heat 
exchanger. In the animal experiments, a subcostal incision was made under 
the fourth rib on the right side. Heparin, 2 mg. per kilogram of body weight, 
was injected directly into the light atrium. One cannula (Bardic catheter) 
was introduced through the interatrial groove into the left atrium and another 
into the right atrium through its appendix. These two cannulas were connected 
with reservoirs. A metal cannula was introduced into the femoral artery in the 
usual fashion (Fig. 1). 

The perfusion was begun by draining blood from the left atrium at a rate 
of 100 to 250 ml. per minute into a reservoir. The blood was then pumped 
through the heat exchanger and a filter into the femoral artery. After 10 to 20 
minutes, the esophageal and rectal temperature reached 18° to 22° C. and the 
heart went into ventricular fibrillation. The left-sided perfusion was then 
stopped while a cannula was introduced into the main pulmonary arterv 
through a stab wound in the right ventricular walk Blood from the right 
atrium was drained into a reservoir and pumped through this tube into the 
pulmonary artery, oxygenated in the lungs and returned to the left- atrium and 
to the left-sided perfusion. In other words, one pump acted for the left, one 
for the right ventricle. The blood was cooled or warmed in the left perfusion 
circuit and oxygenated by the lungs in the right circuit (Fig. 1). 

From tlie Department of Thoracic Surgery, University Hospital. Uppsala Sweden 
P-eceived for publication Oct- 5, 1959. 
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Once fibrillation occurred, the left perfusion was momentarily stopped, 
then the left and right perfusions were simultaneously begun at an approximate 
rate of 50 ml. per kilogram of body weight per minute. Within 15 to 20 
minutes the esophageal temperature was brought below 10° C. Oxygen con¬ 
sumption is low at this low temperature and the relatively high flow loads the 
tissues with oxygen. Then the perfusion was stopped, the superior and inferior 
venae cavac as well as the aorta and the pulmonary artery were occluded. This 



Fig. 1.—Diagram of the cannuiation of ieft atrium, right atrium, femoral artery and 
pulmonary artery for deep hypothermia. The left circuit includes the heat exchange 
the right circuit provides oxygenation in the patient's own lungs (according to on™'' 

placed the heart in hypothermic arrest, and a right ventriculotomy was p ei ‘ 
formed. Tlic right ventricle was left open for 30 minutes, then filled v' l{1 
glucose and the left and right perfusions started again at an approximate ra te 
of 50 ml. per kilogram per minute. At a temperature of about 30° C. t,lC 
heart spontaneously resumed its regular rhythm or was electrically shocked 
The right perfusion was stopped and the right atrium and the pulmonary arter) 
were decannulated. The left perfusion was continued for rewarming until 8 
rectal temperature of 34° G. and an esophageal temperature of about 38° & 
were reached. After decannulation, 3 mg. of protamine were administered and 
the wound was closed. 
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Fig 2 -—The heat exchanger mounted on a Mark machine with two De Bakey roller 
pumps The blood enters the tube in the lower part of the cylinder and comes back through 
the tubes In the upper part of the cjlinder. The water for cooling and warming enters the 
upper connections 



Fig 3 


Fig 


3—Demonstrating one end of the heat exchanger with the rod m place 

tile lowfr omPnT the ?‘ her end o£ the heat exchanger where the blood enters in 
lower portion and leaves in the upper portion of the heat exchanger s m 
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Tlic heat exchanger was huilt of stainless steel tubes mounted in a stainless 
steel cylinder (Figs. 2, 0 and 4). The tubes are 80 cm. long and have an 
internal diameter of J cm. thereby making mechanical cleaning easy. Into cad 
tube a stainless steel rod of 7 mm. external diameter with rounded edges is 
introduced. By these measures (1) (he perfusion pressure is not increased 
at a How up to 8,000 ml. per minute, (2) 000 ml. less blood is needed, and (3) 
the cooling or warming efficiency on the thinner layer of blood is increased 


Temperature 
In °C. 



0 1000 2000 3000 


Fig. 5.—The cooling- efficiency of the heat exchanger with the rods (lower curve) J* 
without the rods (uvvor curve), demonstrating that at a verv low flow the ulooa .j 
through the licat exchanger once will have about the same temperature as the cooling * , 4 
which during this experiment was S“ C. (lowing through the heat exchanger »t ‘"Tm 
liters per minute. With a higher rate^ of blood flowing: through the heat exenang • 
cooling- cfflciency was better If the rods inside the tubes were used (lower curve). A} * lder 
rate of blood of 3,000 ml. per minute, the blood leaving - the licat exchanger was 2 O. 
when the internal rods were used. 


(Fig. 5). Through the cylinder outside the tubes, warm or cold water is circu¬ 
lated and the temperature thermostatically controlled by a Therm-O-Rite 
apparatus. For cooling water at a temperature of +2° C. and for warming 
water at a temperature of 41° C. at a flow of 6 L. per minute was used. A 
higher flow rate up to 25 liters is advised for adults. The blood leaving the 
heat exchanger should have a temperature of from 5° to 10° C. during the cool¬ 
ing and between 38° and 39.5° C. during rewarming. 
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RESULTS 

Ffrsf Step o/ Cooling .—From experiences thus far gained, it is considered 
that the first step of cooling should staid vrith a rather slow perfusion rate of 
about 100 c.c. per minute in small patients and up to 1.000 ml. per minute in 
heavier patients. In this way ventricular fibrillation will occur at an esophageal 
temperature between 16.5° and '25.8° O.. with a temperature approximately 
similar in the rectum. 

We have investigated the oxygen tension in the blood leaving the heat 
exchanger at the slowest flow rate used. i.c.. 100 ml. per minute, and found that 
after 6 minutes of perfusion an oxygen tension of 86 mm. I3g is reached. At 
such a slow perfusion rate, full saturation is reached in the blood which leaves 
the heat exchanger long before ventricular fibrillation occurs. Data for oxygen 
tension, cheeked even- minute, of blood leaving the heat exchanger are given in 
Fig. 6. Data of rate of cooling and the occurrence of ventricular fibrillation 
at different flow rates and different temperatures are summarized in Table I. 


Ory^r'i trts cn 
rt rvn. u 3 



1-isr. 6.—Curve showing the oxygen tension in the blood leaving the heat exchanger at a flow 
rate of 100 ml. per minute. Determinations were made every minute. 


The Second Sicp of Cooling .—Once the ventricular fibrillation has started 
the left-sided perfusion is immediately stopped. Otherwise, there will he built 
up a high venous pressure during the time blood is pumped into the femoral 
artery but not being pumped away by the right heart. 

Through a stab wound in the right ventricular wall, a Bardie catheter is 
Put through, into the pulmonary artery. It is important that the tip of the 
catheter b e placed peripherally to the pulmonary valves. There is" danger 
01 leak age into the right ventricle in patients with high pulmonary resistance 
and. therefore, need for having an occlusion tape around the tip of the catheter. 
In eases of tight pulmonary valves in which it is difficut to introduce a Bardic 
catheter, a metal cannula similar to the one used in the femoral artery has 
wu inserted. Once the catheter is in place, perfusion is started simultaneously 
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Tarek I. First Step or Cooling* 




KATE OF 




WEIGHT 

I’ER FUSION’ 

TIME 



(KO.) 

( ML./MIX.) 

(MIX.) 

KSOPHAG 

Dog number 





40 

30 

1,500 

10 

31.0 

41 

20 

2,000 

3 

25 

42 

24 

1,400 

3 

37 

43 

19 

500 

5 

23.4 

44 

25.5 

500 

12 

29.5 

45 

31 

500 

15 

31.S 

J’aticnt number 





O 

13.0 

100 

10 

17.S 

0 

15.G 

100-250 

oo 

1S.9 

7 

20.5 

250 

11 

17.0 

4 

2S.3 

100 

10 

20.2 

5 

51.S 

100-250 

24 

19.0 

i 

05 

250 

IS 

19.0 

3 

73.7 

250 

IS 

25.8 

S 

50.0 

500 

9 

30.0 

9 

19.1 

100 

27 

1G.5 

10 

15.4 

100 

10 

1G.3 


TKMPERATUBE ( °C.) 


IX BLOOD 
LEAVING THE 
HEAT 

exchanger 


25.2 

31.2 


17.3 
1S.7 
23.S 

22.3 
21.0 

17.3 
23.S 
24.0 

14.4 

24.5 


-10 

-10 

9-7 

9 10 

14 11.4 


4.5 

4.5 
11 

3 

2.5 

4.5 

3.5 

4.5 
3.0 

3.5 


45 

25 

9 
a 

5.5 
9.7 

7.5 

10 
45 
4.0_ 

into the 


•Blood drained from left atrium and pumped through the heat exchanger 
femoral artery until ventricular fibrillation occurs. 

on the left and right sides. The left pump is increased until a rate of mound 
50 ml. per kilogram of body weight is reached, which flow rate is thought to e 
the ideal one since very little pressure gradient over the femoral caniu a 
obtained. The right pump is kept at about the same speed as the left one u 
regulated according to the level in the reservoir draining the left atrium- 
Once the blood in the left reservoir is low, the right pump speed is inerease , 
which immediately will increase the level of blood in the left reservoir, 
blood thus pumped through the lungs immediately drains down into the e 
reservoir and is piunped through the heat exchanger back into the femoral artefb 

All dog experiments and clinical experiences with perfusion rates of t e 
second step of cooling are summarized in Table II. 

The second step of cooling should be done at a much higher speed than 
first step. Probably a rate of 50 ml. per kilogram of body weight is n^ 
This will not cause too high a pressure gradient over the arterial cannula an 
will lower the temperature as quickly as possible. There has been no diffkul? 
in keeping the same flow rate on the right- or left-sided perfusion in all cases, 
except those in which the pulmonary cannula has slipped out or when there 
been an abnormal venous return with an intact atrial septum or a very lug' 1 
pulmonary resistance. 

The Temperature Change During Total Arrest in Deep Hypothermia 
the room temperature is much higher than the temperature of the patient 
during deep hypothermia, it is important to know the increase in temperature 
during the total arrest. Furthermore it is important to know if that change 
or increase in temperature during the total arrest was more rapid if the cooling 
time was short as compared with a longer cooling time. These experiments are 
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Table n. Second Step of Cooling = Total Perfusion* 



1 

R\TEOF 
PERFUSION i 
(ML-/MIN.) 

TIME EOF. 
P.IGHT - LEFT 
PERFUSION 
(MIN.) 

TOTAL | 
TIME FOR j 
COOLING 
(MIN.) 

TEMPERATURE 

ESOPHAGUS 1 

: at TOTAL 

RECTUM 

ARREST (°C.) 
IN BLOOD 
LEAVING 
THE HEVT 
EXCHANGER 

Doo Xunber 







40 

30 

2.000 

60 

70 

16.7 



41 

20 

2.000 

32 

35 

9.5 

11.4 


42 

24 

1,400 

5S 

60 

9.0 

16.0 

7.0 

43 

19 

1.500 

IS 

23 

9.5 

14.S 

10.0 


25.5 

2.000 

42 

54 

10.0 

17.1 

11.4 

45 

31 

1.500 

51 

66 

10.4 

15.2 


Patient Xumber 







O 

13.6 

TOO 

14 

SO 

5.S 

15.4 

5.0 

6 

15.6 

SOO 

7 

29 

10.0 

1S.4 

6.0 


26.5 

1.300 

o 

16 

10.0 

21.S 

«.o 

4 

2S.3 

1.000 

26 

36 

7.S 

20.0 

5.3 

5 

51.S 

2.200 

10 

34 

10.0 

21.0 

S.o 

i 


2.290 

12 

30 

14.7 

16.0 

11.7 

3 


2.000 

27 

45 

7.5 

19.0 

11.7 

S 

50 

2.500 

24 

33 

10.0 

19.2 

6.0 

9 

19.1 

SOO 

S 

35 

10.0 

12.4 

3.0 

10 

15.4 

750 

5 

21 

10.0 

21.0 

3.0 


•Left perfusion with cooling = first ^tcp plus dramas of blood from nerht atrium and 
pumping that blood bach through the pulmonarj artery (right perfusion with o\\genation 
of blood m the lungs). Left and right perfusion at the same rate was continued from 
\entricular fibrillation until complete arrest with cardiotom> 


shown in Table III, wlueli shows that the shorter cooling time resulted in the 
highest temperature increase during the total arrest. The difference, however, 
is so small that it was considered to he without practical value. If too long a 
cooling time was used, the method would not he suitable for clinical use. There¬ 
fore in the clinical eases a trial was made to obtain a cooling time as short as 
possible. 


Table HE. The Temperature Change Doting Total Aebest in 
Deep Hypothermia in dogs 


DOG 1 

NUMBER 

TOTAL TIME TOR | 
COOLING | 

(MIN.) 

total arrest 

(MIN.) 

TEMPERATURE CHANGE (°C.) 
ESOPHAGUS j P.ECTUM 

43 

23 

30 

-3.3 

-0.4 

41 

35 

30 

-6.5 

-4.6 

44 

54 

30 

-rl.2 

-1.9 

42 

60 

30 

-2.5 

*L5 

45 

66 

40 

-3.0 

-1.2 

40 

70 

30 

-1.3 

__ 

-- 






The temperature changes during total arrest in deep hypothermia in the 
patients are summarized in Table IV. From these data it can be concluded 
that there will always he a temperature increase both in the esophagus and in 
the rectum during the total arrest, increasing the metabolic needs of the patient. 
^ Period of total arrest longer than 45 minutes is not recommended for an adult 
and if it is evident after 40 minutes of surgery that more than 5 minutes’ time 
is needed to complete the operation it is advised that a second short perfusion of 
cold blood for about 15 minutes be employed to again load the tissues with 
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ox\ -on. h urlhermore, 1 lie very rapid cool in-, as in Case 7, in which an esophageal 
temperature of 10° 0. was reached in 1G minutes allowed a total arrest of 44 
minutes with only 4.3° C. increase in temperature in the esophagus, followed 
by an excellent recovery. 


Taiii.e IV. Tin: Temperature Change During Total Arrest in 
Beep Hypothermia in Patients 


PATIENT 

NUMBER 

TOTAL TIME FOR 
COOLING 
(MIN.) 

TOTAL ARREST 
(MIN.) 

TEMPERATURE CHANGE (°C.) 
ESOPHAGUS | RECTUM 

7 

1G 

44 

+4.3 

+1.9 

G 

29 

3S 

+5.0 

+2.C 


30 

70 

+9.G 

+4.G 

1 

30 

25 

+0.9 

+2.G 

5 

34 

21 

+3.S 

+0.0 

4 

30 

49 

+0.7 

+2.9 

3 

45 

47 

+ o o 

+1.4 

S 

33 

27 

+1.G 

+2.2 

9 

35 

50 

+3.4 

+S.0 

10 

21 

41 

+7.3 

+2.0 


Rcicarmint/. — The experiences from rewarming of patients arc summarized 
in Table V. From that table it is found that the shortest total rewanning time 
was 27 minutes in a patient of only 15 kilograms. The longest rewarming time 
was 135 minutes and the next longest 91 minutes in a patient weighing (3.4 
kilograms. A flow of approximately 50 c.c. per kilogram of body weight 'was 
used. 


Taiii.e V. First ami Second Steps or Rewarming* 



u 

1 

3 

4 
8 
9 

10 


WEIGHT 

(KG.) 


TOTAL 

WARMING 

TIME 

(MIN.) 


PLOW 

(ML.) 


FIRST STEP 


15.G 

2G.5 

13.G 

51.S 

05 

73.4 

28.3 
50.0 
19.1 

15.4 


TIME 

(MIN.) 


TEM PERATURE 


ESOPII. RECTUM 


33 

34 
39.5 
72 
75 
91 
91 

135 

32 

27 


REGULAR 

RHYTHM 


SECOND STET 


TIME 

(MIN.) 


TEMPERATURE, 

■hiopirjRECTUM 


800 

1,300 

700 

2,000 

1,900 

2,000 

1,000 

2,000 

S00 

750 


12 

9 

10 

10 

22 

28 

54 

G5 

13 

11 


•First step of rewarming: left and right 
occurs spontaneously or after an electric shoe 
sided perfusion. 

tSpontaneously. 


31.8 

33.0 

31.2 

34.4 

34.2 
33.0 

35.2 

37.5 
30.G 

34.5 


-i . 1 ) 

27.2 

28.5 
24.G 
23. G 

23.5 

28.2 
27.G 
29 2 
2S’4 


Sp.f 
Sp. 
Sp. 
Sp. 
Shock 
Shock 
Shock 
Shock 
Sp. 
Sp. 


21 

25 

29.5 

5G 

53 

G3 

40 

70 

19 

1G 


3S.G 

3S.C 

3S.0 

3S.G 

3G.0 

3G.7 

3S.0 

3S.2 

3S.4 

3S.0 


33.0 

34.5 
34.2 
34.2 
33.4 
31-0 
33.0 
34.0 
33.4 

34.6 


■■j 1 •p 1 "-, = total perfusion until regular hf ar f ll'h'Jfp 

electric shock. Second step of rewarming with onlj 


Regarding the first step of rewarming when both left- and right-sided per¬ 
fusions were used simultaneously—this was continued until a regular heartbeat 
returned, which occurred spontaneously in 5 cases and probably would have oc¬ 
curred in Cases 1 and 3 if we had waited until higher rectal temperatures were 
reached. A regular heartbeat returned spontaneously at an esophageal tempera¬ 
ture varying between 31.2 and 34.4° C., with a rectal temperature of 24.6 up t° 
28.8° C. In 2 cases, the hypothermic arrested heart resumed a regular rhythm 
at 20° C. without an intermediate ventricular fibrillation being observed. 
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It is evident therefore that one may have to wait until a rectal temperature 
of 28.8° C. has been reached before a regular heart rhythm will return spon¬ 
taneously. The shortest rewarming tune to obtain a regular heartbeat was 9 
minutes in Case 7. In the 4 cases in which it was necessary to shock the heart 
to regain regular heart rhythm only one shock, 2.5 amperes and 0.16 second, 
was needed in 3 cases. 


PRESSURE 
mm. HG 



TIME IN MINUTES 

7.—Diagram of a dog experiment under total perfusion in which it can he seen that 
the perfusion pressure rises during a cooling. 

Once a regular heartbeat was restored, tlie right perfusion was immediately 
stopped, the cannula in the pulmonary artery and right atrium removed, and 
left-sided perfusion continued at the same rate. For the clinical cases we 
preferred to reach a rectal temperature above 34° C. before the left perfusion 
was stopped. Then the esophageal temperature was always above 38° C. and 
the patient regained consciousness rapidly after conclusion of the procedure. 

In conclusion it can be said that the rewarming time has been dependent 
on the size of the patient and the flow of fluid through the heat exchanger. 
Our aim is to use a rewarming time as short as possible. 

T/ie Pressures in the Machine and in the Patient During the Perfusion 
(Fig 7).—If a total perfusion was carried out with a constant flow, it was found 
that during the cooling procedure only in the beginning there was an increased 
vascular resistance with increase in the pressure in the machine and an increase 
m tlle Pressure gradient over the arterial cannula. This pressure gradient over 
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Hie cannula 1 ended lo be somewhat lower when the temperature was below 
20° C. The pressure gradient over the arterial cannula was measured in the 
smallest patient, weighing 13.G kilograms in whom a cannula of 3.5 mm. was 
utilized. Pressure in the machine at a flow of 700 ml. per minute varied be¬ 
tween 170 and 155 mm. Ilg when the patient’s pressure was S5 to 75 mm. Eg. 
In the beginning of the rewarming period, the pressure was 135 mm. Hg but 
rose to 175 mm. Ilg in the machine with a simultaneous rise in the patient of 60 
to 00 mm. Ilg. Corresponding measurements in the heaviest, patient, weighing 
73.7 kilograms, showed the highest pressure to he 300 mm. Ilg in the machine 
at a flow of 2,500 ml. per minute with a simultaneous pressure of 70 mm. Eg 
in the patient. This was an occasional value; most values were 150 mm. Hgm 
the machine and SO in the patient at a flow of 2,000 ml. per minute. During 
rewarming, the corresponding pressures were 240 mm. Ilg in the machine and 
SO mm. Ilg in the patient. 

Hemolysis. —The data of hemolysis are summarized in Table VI. It is im¬ 
mediately evident that in the animal experiments a plasma hemoglobin of P 
mg. per cent at the end of perfusion is extremely low, when compared with a 
plasma hemoglobin of S3 mg. per cent when a pump oxygenator was used. In 
patients a plasma hemoglobin level of only 14.4 mg. per cent was obsene . 
These are the only data favoring the superiority of the method of employ' 1 ? 
a heat exchanger instead of a pump oxygenator. 


Table VI. The Hemolysis of the Blood ix mg. % Plasma Hemoglobin" After Dee p 
Hypothermia With Extracorporeal Circulatiox 


TOTAL TIME OF HEMOLYSIS BEFORE AFTER >2 H0ERS 

PERFUSIO.V _ PERFL’SIOX _ END OF AFr ® . 

__ (MIX.) _ ARTERY | MACHIXE PERFUSION" rEK IEt-. 

Dog number 

40 145 0 7 26 ^ 




Thrombocytes. —The influence of the heparin dosage on the numbei ° 
thrombocytes during deep hypothermia was studied in the following way. '^ I( 
heparin dosage was varied from 1.5 to 3 mg. per kilogram of body weight. 
a dosage of 3 mg. per kilogram of body weight, the number of thrombocytes 
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fell from 191,000 to 90,000 at an esophageal temperature of 9.5° C. During re- 
warming the number of thrombocytes again increased to 224,000, still remaining 
at 224,000 at 2 horn’s after the end of perfusion. In the experiments in which 
1.5 mg. heparin per kilogram of body weight was used, a fall from 161,000 to 
63,000 thrombocytes at a temperature of 10.0° C. was observed. During re¬ 
warming the number of thrombocytes returned to 19S,000 and 2 hours after the 
end of perfusion they numbered 171,000. 

It can therefore be concluded that although there was a significant fall in 
the number of thrombocytes at low temperatures, a normal number of circulat¬ 
ing thrombocytes was found during the rewarming process noth a heparin 
dosage of 1.5 mg. per kilogram of body weight. A dosage of 2 mg. per kilo¬ 
gram of body weight was used in clinical cases, later this dose was increased to 
5 mg. The values of the thrombocytes before, during, and after deep hypo¬ 
thermia in the clinical cases are summarized in Table VII. Although the num¬ 
ber of thrombocytes may be as low as 34,000 at 7.S° C., the number has always 
been normal at the end of rewarming. After the end of the procedure, the 
heparin has been neutralized with protamine which has restored the bleeding 
and coagulation time to normal in all clinical cases in which there has been no 
problem with postoperative bleeding. 


Table VII. The Number of Thrombocytes in Thousands Before, During, and After 
Deep Hypothermia in Clinical Cases 


CASE 

NUMBER 

BEFORE 

perfusion 

AT THE LOWEST TEMPERATURE 
TEMP. 1 THROMBOCYTES 

AT END OF 

RFAV ARMING 

2 HOURS AFTER 
PERFUSIONS 

i 

131 

14.7 

12S 


116 

2 

103 

5.S 

47 

— 

S5 

3 

162 

7.5 

81 

— 

155 

4 

204 

7.S 

34 

124 

176 

5 

62 

10.0 

67 

136 

159 

6 

230 

10.0 

63 

— 

157 

7 

189 

10.0 

SS 

210 

1S9 

8 

212 

10.0 

75 

170 

113 

9 

149 

10.0 

54 

129 

— 

10 

249 

— 

— 

196 

225 

Alcan values 

169 

9.5 

71 

109.5 

137.5 


The Red Blood Corpuscles (Table VIII).—The red blood corpuscles were 
counted before, during the cooling period, during the rewanning period, after 
the end of perfusion, and 2 hours after the perfusion. There were no significant 
changes either in the animal experiments or in human beings. 

The Hematocrit. —There was no significant change in the hematocrit during 
the performance of deep hypothermia. In the only case in which a drop from 
74 down to 47 per cent was noted was in a very cyanotic patient with tetralogy 
of Fallot. 

The Hemoglobin. —No significant change in hemoglobin concentration was 
encountered during deep hypothermia. 

The White Blood Corpuscles. —The white blood corpuscles, however, showed 
a significant decrease during the lowest temperature at deep hypothermia. At 
he end of the rewarming period, however, the number of white blood corpuscles 
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Tamm: VTir. Values JIhfoke, Punixo, and After Peep Hypothermia 


Mi:AX VAMJES 



iikfoke 

AT IiOWXST 
TEM V. 

Arm: 

2 HOURS 
Aim 

Hed blond corpuscles (in millions) 

Put iont h 

5.2 

•1.8 

•1.8 

4.7 

PogH 

5 

5.7 

5.7 


Hematocrit ( r /r) 

Patients 

•10.1 

•15.2 

■15.1 

45.S 

Dogs 

■18.5 

51.2 

50 

55 

Hemoglobin ( r /r >) 

Patients 

80.5 

81.7 

80.1 

87.S 

Pogs 

105.2 

10(1.8 

100.1 

110 

White blood corpuscles (in thousands) 

Pul ients 

7.-I50 

•1.889 

11.111 

13,500 

Pogs 

10.125 

5.125 

.1.051 

14.000 


wore jiI about the same level as before tbe perfusion and 2 horn’s later a 
significant increase in the number of white blood corpuscles had occuuc ■ 
These experiences arc summarized in Table VIII. 

The Acid Base Balance During Deep Hypothermia (Table IX).— -The 
oxygen tension increased during the cooling as the oxygen requirement o > 
body decreased and it was highest before the arrest. After the arrest theicaas 
usually some oxygen debt that, had to be paid before normal oxygen tension 
reached again. At the end of the rewarming there was always an ox)S® 
tension significantly above the normal. Two hours after the completion o tlC 
operation the oxygen tension was normal in all eases. 


Tahu: TX. Tin: Changes in pO„ pCO., pit, and It CO, Puiuno and After Peep 

Jtvi'oTin.niMA 


pO, 

pCO, 

pH 

JICO. 



at i /)west ti:m riatATuai: j 


1 

nnrortn 

HEKOItE AliUEST | AFTER AKItEST | 




88 
50.2 
7.‘17 
25.5 


1 02.5 
57.5 
7.‘12 

o,5 2 


82.0 

50.-I 

7.55 

20.5 


115.0 

20.5 

7.‘i0 

21.0 



The carbon dioxide tension hsowed some elevalion at the end of the arrest, 
but all values were within normal limits during the hypothermia. 

The pll showed a tendency to alkalosis during the cooling period when d' c 
body was loaded with oxygen. At the end of rewarming and 2 hours after com¬ 
pletion of the operation Iherc was a normal pll in all eases hut 1, Case 4. 1,1 
that ease, a pll of 7.10 was explained by a very poor perfusion due to a' 1 
abnormal venous return of the right pulmonary veins into the right atrium wp 
an intact atrial septum. As the methods for determination of pll and pC° : 
under deep hypothermia are not accurate, the conclusions arc drawn on d |C 
values obtained after rewalining. 

The Standard Bicarbonate .—There was a slight decrease in standard hicai’* 
bonate during the long period of arrest. Two hours after the end of operate 11 
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tliere was alwavs a normal stnndtird bicarbonate in all cnses except 0asc 4, in 
whom an extreme metabolic acidosis occurred due to an intact atrial septum 
with abnormal venous return. This has been one of the most important, leasons 
for favoring deep hvpotliermia with extracorporeal circulation to the use of an 
oxvffenator. "With the latter, after a long perfusion and cardiac arrest, thcie 
willbe some cases of metabolic acidosis due to the perfusion per se. A metabolic 
acidosis has not been observed in deep hypothermia with a cooling down to 10° 
C. and with a flow during the cooling period of approximately 50 c.c. per kilo¬ 
gram of body weight. 

Oxygen Consumption (Table X).—The total oxygen consumption is 
naturally small at the low temperatures and from the data so far obtained it 
does not seem to be worthwhile going below a temperature of 10° C. in the 
esophagus. Some examples of the oxygen content, during the cooling period are 
summarized in Table X- Although at an esophageal temperature of 20° C. 
the color of blood in the line to the femoral artery and the pulmonary artery 
are about the same, it is necessary to lower the temperature to 10° C. before 
the body is loaded sufficiently with oxygen to withstand a circulatory arrest of 
45 minutes. 


Table X. The OxVGex Coxsumptiox ix Max During Deep Hypothermia* 



TEMPERATURE 

(°C.) 

VOLUME PER CEXT O, 

ARTERY | VEIX 

TOTAL OXYGEN 

1 CONSUMPTION 

| (ML./MIN.) 


f 17 

1S.1 

15.2 

32.3 

26.5 

4 11 

ISA 

17.95 

5.5 


lio 

1S.6 

1S.45 

1.8 


r 19 

21.1 

19.S 

32 

50 

J 15 

21.6 

21.3 

7.5 

1 12.5 

21.S 

21.7 

2.5 


L 10.2 

22.15 

22.10 

1.25 


( 12 

17.9 

17.5 

6.S 


1 10 

19.S 

19.7 

O.S 


\ 13.5 

17.55 

16.S 

5.6 


1 10.5 

1S.SS 

ISAS 

3 


•Measured by the difference in vol. Tc O: in blood from the cannula in the femoral arterv 
<uid from the superior vena cava during total body perfusion at a known flow. 


DISCUSSION 

A heat exchanger for deep hypothermia is presented. The advantages of 
deep hypothermia with extracorporeal circulation without an oxygenator follow. 

1. There is less blood trauma and less hemolysis. 

2. The oxygenation in the patients’ own lungs is better than in any 
oxygenator. No postoperative metabolic acidosis has occurred, therefore, unless 
there has been a very poor perfusion due to technical faults or anatomic varia¬ 
tions, or cardiac standstill before the cooling period could begin. 

3. During circulatory arrest in deep hypothermia, the myocardium is 
better protected than during an anoxic or potassium arrest. In the animal 
experiments, less incidence of tricuspid insufficiency, as a result of myocardial 
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impairment, was found after arrest at low temperature when compared with 
other types of cardiac arrest, which is especially important in cases of aortic 
valvular disease. 

4. The surgical procedure is significantly facilitated and can he completed 
in a flaccid heart without any blood returning through the bronchial circulation. 

5. The safety margin is increased. In case something goes wrong or the 
catheter slips out, the circulation can be completely arrested and there is 
enough time at the low temperature to correct the fault. In 1 patient, it was 
necessary to exchange the catheter draining the right atrium for a larger one 
when it was found that a much higher flow in the right circulation was needed 
than in the left due to abnormal return of pulmonary veins from the right 
lung with intact atrial septum. 

G. There is better blood volume control, as a closed system is used, and 
there is no coronary perfusion and no loss of blood through the coronary suction 
system. 

7. Cardiac arrest can be prolonged. A cardiac arrest of 45 minutes will 
not impair the myocardium and if a longer cardiac arrest is needed it is neces¬ 
sary only to replace the catheter and to perform a second perfusion with cold 
blood for 15 minutes to allow a second occlusion time long enough to complete 
the operation. The longest period of complete occlusion with success has hecn 
47 minutes. In 1 patient. 70 minutes were necessary which caused brain damage. 
Therefore the maximum time for occlusion should be between 45 and 50 minutes 
There seems to be no advantage to lowering the temperature still further as the 
accident of brain damage occurred after 70 minutes of occlusion at 5.8° C. 

In the first series of 10 clinical cases, 6 patients survived the operation- 
Three died of brain damage (Table XI). 

The patients accepted have had ventricular septal defect, cyanotic tetralogy 
of Fallot, septum prinnun defect, and infundibular stenosis. The fourth patient 
who died had ventricular septal defect -t infundibular stenosis + valvular stenosis 
- 1 - abnormal venous return from the right lung with intact atrial septum. It " :1S 
not possible in liis case to diminish the pressure in the right ventricle to more 
than SO nun. Hg, as the stricture in the main pulmonary artery, peripheral 
to the valvular stenosis, was 2 cm. long and there were further multiple stric¬ 
tures in the smaller pulmonary arteries. The patient was considered inoperable. 
The method lias not been used for ordinary cases of atrial septum secundum 
defects with or without abnormal venous return. These patients are operated 
upon under surface cooling at a temperature of 30° C. 

The disadvantages of the use of deep hypothermia without an oxygenator 
in the extracorporeal circulation follow. 

1. There is a tune limit of 45 minutes of the circulatory arrest in adult 
patients. 

2. Brain damage has been encountered in 3 children. I believe this brain 
damage is caused by a thrombus formation of aggregated thrombocytes and 
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Tvble XI The Complications Encountered in the First Clinical Cases Lndergoing 
Open-Heart Surgery With Deep Hypothermia Utilizing Extracorporeal 
Circulation With Heat Exchanger 




esophageal 






TEMPER* 

TIME OF 





xVTURE AT 

CIRCULATORY 



cake 


ARRIVAL 

ARREST 


RESULT 


\ DIAGNOSIS 

1 (°G.) 


COMPLICATION 

i 

IS,* reoperation 

14.7 

25 

0 

Survival 

2 

Tetralogy of 
Fallot 

5.S 

70 

Block + braiu 
damage + wound 

Died of 

brain damage 




infection 


3 

IS + pulmonary 

7.5 

47.5 

0 

Survival 


stenosis + ASDt 





4 

VSDt+IS + 
pulmonary valvu- 

7.8 

49 


Died (in¬ 
operable) 


lar stenosis + 






multiple periph¬ 
eral pulmonary 
stenosis + 
abnormal venous 






return 





5 

ASD (secundum) 

10.0 

21 

0 

Survival 


reoperation 





6 

Total abnormal 

10.0 

38 

0 

Survival 


venous return + 






ASD (secundum) 




7 

VSD 

10.0 

44 

Block + brain 

Survival 




damage 


8 

Ostium prinium 

10.2 

27 

Block + pulmo- 

Survival 


defect, re¬ 
operation 



nary edema 


9 

Tetralogy of Fallot 10.0 

50 

Block 

Died of 






brain damage 

10 

Ostium primum 

10.0 

41 

Brain damage 

Died of brain 


with cleft mitral 



damage 


valve 






*IS = Infundibular stenosis, 
fASD r= Atrial septal defect 
£VSD = Ventricular septal defect. 


white blood corpuscles, which largely disappear from the circulation at a low 
temperature. During the rewarming, the aggregated thrombocytes and white 
blood corpuscles return to the circulation and may have occluded the circulation 
in certain areas in the brain for some time, with a focal necrosis as a result. 
At the present time, I consider the method contraindicated for children. "We 
have not been able to prevent this thrombocyte agglutination by increased 
heparin dose (5 mg. per kilogram) or by dilution of blood with low molecular 
maerode. 

3. The method of using two parallel pump systems is much more difficult 
to handle than an ordinary pump-oxygenator with a heat exchanger. 

4. The method is considerably more time consuming. 
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SUMMARY 

Dcoj) hypothermia with extracorporeal cooling without an oxygenator, ac¬ 
cording to Drew, has been used in 17 clinical eases and compared with the pump- 
oxygenator system. After this comparison, the original deep hypothermia 
method has been abandoned. 

The ordinary pump-oxygenator (with the spinning disc oxygenator) is 
preferred at normal temperature in most eases, hut combined with deep hypo¬ 
thermia in aortic valvular disease to protect the myocardium and permit longer 
perfusions. In children, deep hypothermia is considered contraindicated due 
to the risk of brain damage. Therefore, in children, the myocardium is pro¬ 
tected by local hypothermia, achieved by surrounding the heart with plastic 
bags with ice* or by isolated coronary perfusion with cold blood. 
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♦After acetylcholine arrest. 



STUDIES WITH A CELLULOSE MEMBRANE OXYGENATOR 


Constitute N. Finne, M.D., Roland Anthone, M.D., Sidney Anthone, M.D.. 
and Arthur E. AlacNei/l, AI.D. , Buffalo, N. Y. 

INTRODUCTION 

T he diffusion of small molecules and ions from one fluid to another through 
a semipermeable membrane and its clinical utility in therapeutic hemo¬ 
dialysis is now amply documented. However, the practicality of gas transfer 
under similar conditions has not been generally appreciated and its clinical 
value has, therefore, not been fully studied. Many observers have commented on 
the partial oxygenation of blood during the hemodialysis of cyanotic patients. 

This capability of the dialyzer to transfer respiratory gases to and from 
blood, combined with its action as an electrolyte stabilizer and as an excellent 
heat exchanger, would appear to be valuable in a number of diseases and clinical 
situations. With this in mind, an experimental oxygenator and carbon dioxide 
exchanger,* patterned after the parallel-flow, straight tube hemodialyzer 1 ' 3 
was designed and constructed by Dr. Arthur E. MacNeill to determine the per¬ 
formance of this design with respect to respiratory gas transfer. 

THE EXPERIMENTAL OXYGENATOR 

The apparatus (Fig. 1) consists of 40 flat tubes of regenerated cellulose! 
about 0.0015 in. wall thickness when wet, arranged in parallel with interposed 
nylon screens of slightly greater width. The blood film is held to approximately 
0.018 cm. thick in each tube. The tubes connect to a common channel at each 
end of the apparatus by means of uniquely designed Teflon inserts. The trans¬ 
parent Plexiglas case enables the investigator to observe the blood-filled cellulose 
tubes and the flow of the gas transferring dialyzing bath. The unit contains 3 
square meters of membrane area and is designed for blood flow rates of 1,200 c.e. 
per minute. The blood pathways contain a total of 280 c.c. of blood for each 
3 square meters of area. 

Buttab°X y C department of Therapeutic Engineering of The Buffalo General Hospital. 
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tVisking “No-Jax” Sausage Casing (36/32 in. size, 0.0008 in. dry thickness). 
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A dialyzing batli solution (Tabic I) is equilibrated with an oxygen-carbon 
dioxide atmosphere by spraying and agitating it with an Ch : C0 : mixture (95.5) 
flowing at the rate of 3 to 5 liters per minute. The container of this hath b 
adequately vented to allow the escape of the carbon dioxide into the atmosphere, 
thus maintaining physiologic levels of carbon dioxide and providing about 2 
vol. per cent of oxygen dialyzing fluid with its dissolved gases to be propelled 
crosswise to the long axis of the cellulose tubes through the niesli of the nylon 
screens at a rate of 40 to 50 liters per minute by a centrifugal pump (Fig. 2). 

The blood pumps’ used in these experiments are atraumatic pumps also 
designed by Dr. MacNeill. Their gentleness toward blood cellular elements 



SCHEMATIC ILLUSTRATION OF BLOOD FLOW IN A SINGLE TUBE 



Fig. 1 —Diagrammatic representation of longitudinal cutaway side view of the interior of t 

oxygenator. 



Fig. 


2.—Diagrammatic representation of the bath and blood circuit and the manner in 
the dialyzing solution is saturated with oxygen. 


whid 1 


Table X. Composition of the Dialyzing Bath 



Sodium 

Potassium 

Calcium 

Magnesium 

Chlorine 

HCOj 

Glucose 


140 

4.5 

4.5 

1.0 

120 

27.0 
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has been demonstrated on several occasions in patients dialyzed for renal sliut 
down or intoxications due to various poisons. 5 Plasma hemoglobin determina¬ 
tions during such clinical procedures showed a slow increase from less than 1.8 
mg. per cent to a maximum of 6.5 mg. per cent in S horn's. 

PROCEDURES 

I. Oxygenation. —Yein-to-vein and vein-to-artery perfusions (the latter re¬ 
quiring 2 blood pumps) at different rates of flow were performed on 16 mongrel 
dogs weighing from 10 to 25 Kg. (Fig. 2). The dogs were anesthetized with 
1 c.c. per pound of body weight of a 2.5 per cent sodium pentobarbital solution 
and maintained on a respirator. Heparin, at 1.5 mg. per kilogram of body 
weight and 15 mg. per 500 c.c. of priming blood, was administered just before 
caunulization. In vein-to-vein perfusions, the blood was drawn from the in¬ 
ferior vena cava via a cannula inserted through one femoral vein. Blood was 
returned into the external jugular vein. In vein-to-artery perfusions, blood was 
drawn from both venae cavae by cannulas threaded through the right arterial 
appendage following a right thoracotomy, and returned into the right common 
carotid artery. Blood samples were drawn from the Tygon blood tubes before 
and after passing through the oxygenator. The oxygen and carbon dioxide 
content was determined by a method of Van Slyke. c Recirculation of blood was 
utilized in some of these perfusions to determine the rate of oxygen transfer 
at higher saturation levels. Two to four samples at various flow rates were 
taken during each perfusion. The amount of oxygen delivered per square meter 
of membrane used per minute was computed as follows: 

. _ „ flow rate (c.c./min.) 

A-Y diff. (vol. %) x-jpg-- 

Membrane area used (M. 2 ) 

RESULTS 

I. Oxygenation .—The amount of oxygen picked up by a unit of blood in 
one pass through the oxygenator is dependent on the length of time the blood is 
in contact with the solution-bathed membranes and, therefore, was generally 
higher at the low flow rates. However, the total amount of oxygen delivered 
per square meter of cellulose membrane was greater at higher flow rates as 
indicated in the seattergram (Fig. 3). This apparatus was designed for 1,200 
c.c. per minute of blood flow. Therefore, in the low ranges of flow from 100 to 
500 c.c. per minute, all the cellulose tubes may not have had equal flows although 
they remained open. Oxygen transferred at both low and high saturation levels 
is illustrated in Fig. 4. The total amount of oxygen transferred through one 
square meter of cellulose per minute (Table II) averaged 5.4 c.c. Preliminary 
results, not included in the table, were inconsistent in the first perfusion studies 
before the numerous factors influencing gas exchange were properly controlled. 

Carbon dioxide determinations on the same blood samples showed varving 
amounts transferred between blood and bath solution to maintain normal blood 
levels. The facility with which these dialyzing membranes allow the transfer 
of carbon dioxide is of great significance. 
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BLOOD FLOW RATE mL/nun 

Fig. 3.—Schttergrain Illustrating oxygen transfer at various rates of blood flow. 



BLOOD FLOW ny mn 600 600 400 670 600 

4_Comparison of oxygen transfer through the cellulose membrane oxygenator at 

Fig. 9. low and high oxygen saturation levels. 
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Table II. 


Perfusion Results After 
of Oxygen Transfer per 


One Pass Through Oxygenator With Calculation- 
Square Meter of Cellulose Membrane 


BOG 

RUN 

FLOW RATE OF | 

BLOOD (ML./MIN.) I 

BLOOD 0 2 ! 

INCREASE VOL. % 

0 = TRANSFERRED 
(ML./M.2/MIN.) 

3 


800 

2.7 

7.2 


b 

GOO 

2.3 

4.6 


c 

400 

3.2 

4.2 

4 


400 

4.3 

4.3 


a 

600 

2.9 

5.8 

5 


400 

4.8 

6.4 


C 

400 

3.2 

4.2 

G 

b 

631 

2.6 

5.4 

7 

a 

390 

3.8 

4.6 

s 


300 

2.4* 

7.2 


b 

750 

1.2* 

9.0 

9 

a 

675 

1.7 

3.8 


b 

160 

5.9 

3.1 

10 

b 

1,100 

2.6 

9.5 


c 

1,100 

1.8 

6.6 

11 

a 

400 

3.7 

4.9 


b 

220 

6.5 

4.7 

12 

a 

600 

3.0 

6.0 


b 

280 

4.2 

3.9 


c 

130 

8.3 

3.6 

13 

b 

206 

5.0 

3.4 


c 

333 

3.8 

4.2 

14 

a 

670 

2.1 

4.2 


b 

600 

2.3 

4.6 


c 

630 

2.0 

4.6 

15 

a 

750 

2.5 

6.2 


b 

860 

2.8 

8.0 

16 

a 

520 

2.6 

4.5 


b 

630 

3.0 

6.3 


c 

800 

2.4 

6.4 


•Only 1 square meter of cellulose membrane was used. In remainder of runs, 3 square 
meters of cellulose membrane were used. 


DISCUSSION 

Oxygenation of the Total Circulation .—The various heart-lung machines 
currently used today have been designed solely for the purpose of oxygenation 
and carbon dioxide extraction. Except for a heat exchanger 7 which only 
recently has been added to some circuits for temperature regulation, no other 
reliable measures have been devised to prevent or correct some of the more im¬ 
portant problems accompanying the use of these oxygenators. The most serious 
of these problems are electrolyte and pH abnormalities. It would seem logical, 
then, to seek an oxygenator that will not only deliver oxygen and extract carbon 
dioxide but will also maintain normal chemical and metabolic equilibrium dur- 
In S cardiopulmonary bypass. Similarly, anesthetic solutions, particularly 
Anectine and the barbiturates, might be administered through such an appara¬ 
tus to maintain proper concentrations in the blood. 
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This experimental d ialyzcr-oxygcna)or can be expected to perform all of 
these useful functions. In addition, hemolysis is negligible because of the 
quality of the blood pumps used and because recirculation is not essential except 
for priming purposes. (The 3 square meter unit, alone primes with 280 c.c. of 
blood.) 

With respect, to respiratory gas exchange, these perfusion studies have 
indicated that a dialyzer-oxygenator, built with a total area of 12 square meters 
of cellulose membrane, should be capable of maintaining adequate respiratory 
gas exchange for a child up to 10 to 15 kilograms in weight. Because it is 
known that the oxygen requirements decrease with lower temperatures, 5 such 
apparatus might be used on larger patients when combined with hypothermia. 
Furthermore, the maintenance of normal blood chemistry, carbon dioxide levels 
pH, and proper dextrose levels may enable the subject to tolerate a greater 
degree of tissue hypoxia or incomplete oxygenation. Investigative studies are 
now being carried out with this problem in mind. 

One problem which has yet to be investigated is the possibility that an 
oxygenating surface of 12 square meters of cellulose may be too large a dialyzing 
area for a child. Under such circumstances, essential trace substances niigbt 
be extracted from the child's blood, with adverse results; or adsorption of 
either diffusible or nondiffusible substances to the extensive membrane suifaie 
may occur, leading to similar consequences. These possibilities should be m 
vestigated carefully before clinical trials of such large area dialyzer-oxygenator' 
are attempted, as clinical experience with dialyzing membranes lias not exceed* 
25,000 square centimeters to date. 

Oxygenation of the Partial Circulation. — Decompression by phlebotomy 111 
addition to digitalization and other resuscitative measures in the emergency 
management of acute heart failure is a time-recognized procedure. Recently, 
shunting of blood from vein to artery, utilizing a pumping system, alone or m 
combination with a portable oxygenator, for the same purpose, has been re¬ 
ported 0 with promising results. A version of our experimental oxygenator 
might be similarly employed with the advantages of combined partial oxygen®' 
tion, dialysis, temperature regulation, and ultra-filtration. There would be fen 
contraindications to prolonged or repeated perfusions with the use of ,lns 
unit. Use of this equipment as an aid in the emergency management of acute 
(temporary) pulmonary insufficiency such as occurs following pneumonectomy, 
in patients with borderline pulmonary function, in infiltrating parenchyma 
disease, pulmonary edema, emphysema, and acute laryngo-tracheo-bronchitis 01 
infants, can also be contemplated. 

SUMMARY AND CONCLUSIONS 

Perfusion studies on mongrel dogs have been performed to determine the 
capabilities of a special parallel flow straight tube hemodialyzer as an oxy'geuat° r 
and carbon dioxide extractor. 
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The oxygenator- tests have shown that 5.4 c.c. of oxygen can be transferred 
from an oxygen-saturated dialyzing bath solution to blood per square meter of 
cellulose surface per minute, and that a unit containing 12 square meters of 
membrane area should be capable of supplying the entire oxygen requirements 
of a child up to 10 to 15 kilograms in weight. 

Its use in the emergency management of cardiac failure and acute (tempo¬ 
rary) pulmonary insufficiency is postulated, based on performances demon¬ 
strated in these laboratory studies. 
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VARIATIONS OF THE THROMBIN TIME IN CERTAIN 
PATIENTS UNDERGOING OPEN-HEART SURGERY: 
DISCUSSION OF ITS PROGNOSTIC SIGNIFICANCE 

Kurt N. von Kaulla, Al.D., Henry Swan, Al.D., D.Sc.(Hon.), and 
Bruce Baton, At.R.C.P., F.R.C.S., Denver, Colo. 


F ibrinolysis and the appearance of an anticoagulant as measured 1>> 
thrombin time were reported by us to be two major clotting derangements 
which may occur during cardiac surgery with the use of a pump-oxygenator. 
It was also noted that the presence of the anticoagulant(s) was most iea 'I 
demonstrable when cardiovascular difficulties were encountered during e 
operative procedure or when such complications developed relatively su> J 
after surgery. Since that time special attention has been given to changes m 
thrombin time in patients undergoing cardiac surgery combining, m mo 
instances, a pump-oxygenator with hypothermia. As a result of these obsena 
tions it is considered tiiat serial determinations of the thrombin time nmj > e 
of prognostic value. Marked elevation of the thrombin time was frequen > 
observed before a clinical manifestation of cardiovascular dysfunction occuire > 
and it was also observed that an elevated thrombin time before surge, 
coincided with a higher surgical risk. It is, therefore, believed that a ® av ^ 
increase in the thrombin time 11103 ' reflect a disadvantageous alteration m 
systemic response of the cardiac patient to surgical stress. The main emph® lS 
of this paper is to demonstrate the possibility that there exists a relations >P 
between the fluctuations in the clotting system as measured by the tlirom 1 
time and tlie development of cardiovascular complications, such as: total ^ 
partial heart block, auricular or ventricular fibrillation, severe drop in 1,1 
pressure, and reversible cardiac arrest. 

The data presented are based on observations on 27 unselected patient 
undergoing open-heart surgery. The thrombin times were measured as m 
dicated earlier . 1 Our original goal was to study fibrinolysis and some of j ie 
essential findings have been reported previous^. A rather unexpected bp 
product of the study was the gross abnormalities of the thrombin time observe 
under these circumstances which initiated further investigation. Fig. 1 ll,lrr 
trates the results. It shows the mean thrombin time of these patients at various 

From the Departments of Surgery and Medicine. University of Colorado School of Medic'"* 
■ Den 'Aided'hi par t by grants from the American Heart Association and the U. S. Public Hc alU ’ 
^^BeS^PUb.ication Nov. 19. 1959. 
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intervals before and during surgery. The intervals were: (a) control, either 
before induction of anesthesia or the daj* before operation; (b) after induction 
of anesthesia; (c) immediately after extracorporeal circulation and protaniin- 
ization; (d) approximately 30 minutes after protaminization; and (e) approxi¬ 
mately 1 hour after protaminization, and, if indicated, at successive intervals. 
The normal thrombin time is about 12 seconds, as represented by the dotted line 
in Pig. 1. The numerals below the histograms indicate the number of patients 
from whom the average values were obtained. The set of histograms on the 


MEAN THROMBIN TIMES 
OF PATIENT S UNDERGOING CARDIAC SURGERY 


PATIENTS EXPIRING 
WITHIN XB HOURS FROM 
CARDIO-VASCULAR 
DYSFUNCTIONS 



SURVIVORS DEVELOPING 
TRANSITORY CIRCULATORY 
DYSFUNCTIONS 


I I ill” 

8 6 9 9 9 


SURVIVORS WITHOUT 

CIRCULATORY 

DYSFUNCTIONS 


g 20 

TI 11 T ” 

7 5 8 8 5 


5 

Z 


5 

o 


ALL SURVIVORS COMBINED 
NUMBER OF PATIENTS STUDIED—► 


T I” 

15 11 17 IB 14 


Fig - . 1.- 


-Mean thrombin times of surviving- and nonsurviving patients during various phases of 
cardiac surgery. Dotted line represents normal values. 


bottom of the figure shows the serial thrombin times for all patients surviving 
Ihe procedures. It can be seen that all their thrombin times are definitely longer 
than normal. If, however, the survivors are separated in two groups, one con¬ 
sisting of patients exhibiting no particular cardiovascular disturbances during 
and after the procedure, and the other consisting of those who developed dys & - 
tunction during the operation or immediately thereafter, then it becomes ap¬ 
parent that the patients who developed transitory circulatory dysfunctions are 
. ones responsible for the rise in the mean serial thrombin times of all sur- 
rivors. This is indicated by the second and third set of histograms on the 
Dottom of the figure. 
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If the thrombin times of patients dying from cardiovascular complications 
within a few days arc computed, the picture changes drastically. This com¬ 
putation has been done in the upper set of histograms of Fig. 1. The thrombin 
times in this group of patients were extremely long and, in several instances, 
no clot at all could he obtained. For the calculation of our average values, 
incoagulability within 5 minutes was set at 120 sec. thrombin time. The 
incoagulability was due to an inhibitor and not due to afibrinogenemia as 
demonstrated by a mixing test with normal plasma and the easy obtainability of 
an cuglobulin clot which contains only about 25 per cent of the total plasma 
fibrinogen. Note the particularly gross deviations from normal during the 
post-pump phase. It is essential to emphasize that, in patients dying within 
48 horns, the thrombin time was frequently already elevated in the control 
values and/or in the sample drawn after induction of anesthesia. In general, 
it was noted that in most of our patients exhibiting cardiovascular dysfunction 
during or after surgery, the elevation of the thrombin time could be demon¬ 
strated before the clinical symptoms became apparent (within 48 hours). 
Table I shows this. 



Table I 

_- 


) SURVIVORS 

XOXSURVIVORS__ 

Number of patients 

9 

9 

Patients with thrombin time above 24 sec. 

Before surgery 

0 

G 

After surgery 

2 

7 

Before or after surgery 

2 

9 ___ 


Of 9 surgical patients dying from cardiovascular complications, 6 exhi i « 
a prolongation of the thrombin time to double or more of normal values before 
the heart was opened, in contrast to 9 patients with no complication who di 
not show this abnormality. In 9 patients who succumbed, all had at least one 
very gross abnormality (above 40 sec.) of the thrombin time during ^ 
period of observation in contrast to only 2 of a group of 9 who maintains 
stable circulatory systems. 

The group of survivors in which some cardiocirculatory disturbances de¬ 
veloped is in an intermediate position, which becomes apparent when the 
percentage of the thrombin time determinations above 24 seconds is calculate 
for each group. The percentages are: survivors without dysfunction, 5.7 P eI 
cent; survivors with dysfunction, 25 per cent; nonsurvivors, 64 per cent. 

The significance of the thrombin time is obvious when the results b' om 
the patients in whom it was possible to determine the thrombin time hefo' e 
and after induction of anesthesia, but before actual surgery, are studied (Ted® 
II). It can be seen that a prolonged thrombin time before anesthesia (contra 
value) signifies a poor prognosis and that a rise of the thrombin time after 
induction of anesthesia also carries a serious prognosis. 

Figs. 2 through 6 demonstrate our findings in individual examples. I'd® 
arrangement of all the figures is almost identical. The fibrinolytic activity 
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estimated with the euelobuliu technique, the only one winch aHo-s a quic. 
measurement of fibrinolytic activity in b!o?d uncoagalable one to the presence 
of clotting inhibitors. 1 The values are expressed in minutes as euglobulin lysis 
time, the normal values being above 120 minutes. The thrommn ome- are 
expressed in seconds, and the urokinase values in oar laboratory uniu> specn 
gravity coefficient); also indicated is the surgical phase at which the samples 
mere drawn and these data are correlated with the actual time. 

Fig. 2 represents a patient who was operated upon without complications 
with the use of hypothermia combined with a pump-oxygenator tor the suture 
closure of an interventricular septal defect. The euglobulin lysis time exhibits 
increased lysis of the control plasma, a tendency tnat has been trequeni.- 


fHAJWA.II2.CT 30P:*iHT2OIV£Tu'A ii U:'l fjv? CTTGOJATC7 OT5: CICATI O r V/~0. 

ir.’cc M.njCATts cc-jtae 


5-22 5-15 Nli 117 J-2S 4-1 



Fir, 2 —Trend of thrombin time. fibririol;-tic activity, and wrote! mj-s- r : xw tion of a fratf'-nt 
Pirated upon for suture closure of Interventricultar* tl roSttuV-'- hyfrOito*t!’rj)Sa,, Z?> 

mnutes pump-oxygenator. Xo gross changes of throwhln time. fgjaesnj^ of urokinn**t 

xcretion during the second fibrinolytic phase. 


Table II. Beseets Ff.ojc 15 Patients in TTnoit the Thsokbin Tisik V»'ar r>rjTHi!is>T.b 

BeFOHE AND AJTEE iNDrcnO.N OF ANEKTHKSIA 

(9 Patents AJ.it;;. 0 Dead j 


i 


Thrombin time beloic 24 sec. 
Before anesthesia 
After anesthesia 
Before and after anesthesia 

Thrombin time a&ore 24 sec. 
Before anesthesia 
After 

anesthesia 

Before and after anesthesia 


xriiSES or 
patients 


11 


DEAD 


2 * 1 *% 
1 ‘ u% 

1 * 14% 

4 109% 

5 71% 

4 100 % 


P«*on2£,S '" vlvw - ^trerne 
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If the thrombin times of patients dying from cardiovascular complications 
within a few days are computed, the picture changes drastically. This com¬ 
putation has been done in the upper set of histograms of Fig. 1. The thrombin 
times in this group of patients were extremely long and, in several instances, 
no clot at all could bo obtained. For the calculation of our average values, 
incoagulability within 5 minutes was set at 120 sec. thrombin time. The 
incoagulability was due to an inhibitor and not due to afibrinogenemia as 
demonstrated by a mixing test with normal plasma and the easy obtainability of 
an euglobulin clot which contains only about 25 per cent of the total plasma 
fibrinogen. Note the particularly gross deviations from normal during the 
post-pump phase. It is essential to emphasize that, in patients dying within 
4S hours, the thrombin time was frequently already elevated in the control 
'■nines and/or in the sample drawn after induction of anesthesia. In general, 
it was noted that in most of our patients exhibiting cardiovascular dysfunction 
during or after surgery, the elevation of the thrombin time could be demon¬ 
strated before the clinical symptoms became appai’cnt (within 48 hours). 
Table I shows this. 


Table I 


1 

SURVIVORS 

m.,. . 

Number of patients 

9 

9 

Patients with thrombin time above 24 see. 

Before surgery 

0 

6 

After surgery 

o 

7 

9 _ 

Before or after surgery 

2 


Of 9 surgical patients dying from cardiovascular complications, 6 exhibitec 
a prolongation of the thrombin time to double or more of normal values before 
the heart was opened, in contrast to 9 patients with no complication who di 
not show this abnormality. In 9 patients who succumbed, all had at least one 
very gross abnormality (above 40 sec.) of the thrombin time during the 
period of observation in contrast to only 2 of a group of 9 who maintains 
stable circulatory systems. 

The group of survivors in which some cardiocirculatory disturbances de¬ 
veloped is in an intermediate position, which becomes apparent when, the 
percentage of the thrombin time determinations above 24 seconds is calculated 
for each group. The percentages are; survivors without dysfunction, 5.7 P er 
cent; survivors with dysfunction, 25 per cent; nonsurvivors, 64 per cent. 

The significance of the thrombin time is obvious when the results from 
the patients in whom it was possible to determine the thrombin time before 
and after induction of anesthesia, but before actual surgery, are studied (Table 
II). It can be seen that a prolonged thrombin time before anesthesia (control 
value) signifies a poor prognosis and that a rise of the thrombin time after 
induction of anesthesia also carries a serious prognosis. 

Fi^s. 2 through 6 demonstrate our findings in individual examples. The 
arrangement of all the figures is almost identical. The fibrinolytic activity is 
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estimated with, the euglobulin technique, the only one which allows a quick 
measurement of fibrinolytic activity in blood uncoagulable due to the presence 
of clotting inhibitors. 2 The values are expressed in minutes as euglobulin lysis 
time, the normal values being above 120 minutes. The thrombin times are 
expressed in seconds, and the urokinase values in our laboratory units (specific 
gravity coefficient): also indicated is the surgical phase at which the samples 
were drawn and these data are correlated with the actual time. 

Fig. 2 represents a patient who was operated ttpon without complications 
with the use of hypothermia combined with a pump-oxygenator for the suture 
closure of an interventricular septal defect. The euglobulin lysis time exhibits 
increased lysis of the control plasma, a tendency that has been frequently 

f“JJ«.112CT 33 W'N HYfOTWESWJA 35 M’M FOW? OXYGENATOR. SUTURE CIOSURE OF IVSD. 

UNCOV'.UICATED COURSE. 


5-22 


5-23 


5-25 5-27 5-23 61 



, V,.,,, E vr ‘' of thrombin time, fibrinolytic activity, and urokinase excretion of a patient 
Minutes ouWwi 0r closure of interventricular septal defect—3f» minutes hypothermia, 35 

-xcr t 1 1 o^ .1°* rip,Z3a *° f. Xo changes of thrombus time, XoCc Increase of urokinase 

3 aunng tliA second fibrinolytic phase 


- n. Results Fp.om 15 Paziexts ix "Whom the Tkeombix Time ^Vas D; 
Befoee axd After Ixprcnox or Axestkesia 
Patiexts Alive, 6 Deab) 


'ETEEMIXED 


XU MB EE OF 
PATXEXTS 


Thrombin time odor 24 sec. 
B“iore anesthesia 
fVf'er anesthesia 
Before and after anesthesia 

1 nr °mbin time above 24 sec. 
Before anesthesia 
-Viter anesthesia 

——? eiorg and after anesthesia 


• „--- 2 _ - 

EUmV ° rs - “ hibltea extreme 
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observed. This is seen in children with congenital heart disease and is enhanced 
by induction of anesthesia. The increase in tendency to lysis disappears as 
anesthesia continues, reappears during the pump phase, is enhanced by prota¬ 
mine injection, and finally disappears completely. The urokinase excretion 
also shows the usual trend: an increase concomitant with the increased lysis 
tendency in the late pump phase and early post-pump phase, a decrease in 
the first postoperative days, and then a gradual return to normal. The 
thrombin time itself shows no particular rise except for the first post-protamine 
injection sample; hut here, the presence of heparin traces from the previous 
heparinization cannot he absolutely excluded. 

DL.W 92321 SUTURE CLOSURE OF IVSD. PUMP OXYGENATOR 17 MIN 40 SEC 


8 15 8 20 



PH VENOUS BLOOD 

7 39 

7 31 

7 09 

717 

PIBRINOGEN mg% 

352 

165 

395 

229 

PLATELETS IN THOUSANDS 

295 

38 

49 

37 


Pig 3—Trend of thrombin and flbrinol> tic acti\ity of a patient operated upon 
closure of interventricular septal defect Note Increase of thrombin time, appearance oi » 
block, and strong: flbrlnol>tic reaction combined with acidosis Pump-oxygenator: 17 min 

Fig. 3 represents the data from a surviving patient who exhibited ven¬ 
tricular fibrillation during the closure of his septal defect and developed a 
total heart block during the immediate postoperative period. It can be seen 
that the thrombin times are considerably prolonged and they show a definite 
increase before the appearance of the heart block. Note also the very marked 
increase in fibrinolytic tendency which is sustained by acidosis, an observation 
which has previously been described by us. 1 

The increase in thrombin time can reach quite extraordinary proportions 
Figs. 4 through 6 are shown as instinctive examples Fig. 4 gives the data 
from a patient with the tetrology of Fallot. He was operated upon with the 
use of the pump-oxygenator for suture closure of an interventricular septal 
defect and resection of an infundibular stenosis. The preoperative thrombin 
times were prolonged and then became indeterminable after the pump phase. 
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At that time, oozing mas noted; however, there was no increase in fibrinolytic 
activity. Three grams of fibrinogen were given, the oozing subsided, and the 
thrombin time became measurable again. Soon it returned to immeasurabh 
values and the oozing started again. Following this, a complete atrioventrieulai 
block developed and the thrombin time remained immeasurable during this 
period. In vitro, 15 meg. of protamine sulfate per cubic centimeter added to 
the eitrated plasma of this patient shortened the thrombin time considerably. 
Four hours after the last blood specimen was drawn, the patient died. It 
can be seen from Fig. 4 that the increase in thrombin time anteceded the 
cardiovascular disturbances. There was no fibrinolysis whatsoever and the 
incoagulability of the patient’s blood was not due to afibrinogenemia bnt due 
to a very marked increase of thrombin inhibitor. 

R.S 81655 X3 MIN. PUMP OXYGENATOR. TETRALOGY OF FALLOT. 

RESECTION OF INFUNDIBULAR STENOSIS. SUTURE CLOSURE OF IVSD. 



c , no ,Aw V—Tetralogy of Fallot. Patient operated upon for infundibular stenosis and suture 
urnVirf or interventricular septal defect. Trend of thrombin time, fibrinolytic activity, and 
ifi '‘verf tion. Vote: Gross increase of thrombin time before oozing and atrioventricular 
0CK - Pump-oxvgenator: 43 minutes. 


A comparable situation prevailed with the patient whose data are shown 
m S. The diagnosis and the sirngical procedure were similar to that in 
the previous patient. His thrombin times were extremely prolonged from 
the very beginning. The shortest value during the operative period was 
observed 5 minutes after injection of protamine. Thereafter, however, the 
thrombin time again rose to immeasurable values. About 12 hours after 


surgery, the patient had a cerebral vascular accident, the nature of which 
could not be determined. As a result of this accident, the patient had to be 
Put in a respirator. He never regained consciousness and died 6 days later. 
Again in this patient, the rise of the thrombin time preceded the circulatory 
ysfunction. The postoperative urokinase values in this patient did not 
return to normal after the immediate postoperative drop, as they do in patients 
Avitxi normal post-surgical recovery. 
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Fig. 6 shows the data from a third patient with tetralogy of Fallot. In 
this case, hypothermia alone was used. The patient had a prolonged control 
thrombin time which rose to very high values after induction of anesthesia. 
It became immeasurable after occlusion of the circulation and remained that 
way. The appearance of these high values preceded a series of cardiac arrests 
The patient died 2 days later. There was an increase in the fibrinolytic activity 
during surgery but, in contrast to surviving patients, the urokinase values 
of this patient dropped continuously during and after surgery until his death. 

R H 100320 36 MIN PUMP OXYGENATOR TETRALOGY OP FALLOT RESECTION OE INFUNDIBULAR STENOSIS 

CLOSURE OP IVSD 


_ ^ 

9-6 97 99 910 £ £ ^ £ 



Fig. 6 —Tetralogy of Fallot Patient operated upon for resection of infundibular s ^ 
and closure of interventricular septal defect. Trend ot thrombin time and uioKinase an j 

No increase in fibrinolytic activity Note Gross increase of thrombin time before sun,*.* 

* thrombin time before cerebral vascular accident 


reappearance of gross increase of 
oxygenator: 3G minutes 


The prolongation of the thrombin time which has been observed is ue 
to a thrombin inhibitor. This is demonstrated by determining thrombin times 
in mixtures of the patient’s plasma with normal plasma which results m 
prolongation of the thrombin time of the normal plasma. Examples « 1C 
shown in Table III. 

Mismatched transfusions are another cause of a sudden rise of the thrombin 
time. 3 Here again, it was observed that the thrombin time of normal plasma 


Tabi. 


■x hi. Increases in Thrombin Times of Normal Plasma by Addition of Patient s 


--- 

•— 

PER CENT CONCENTRATION 

OP PLASMA 

thrombin time 


PATIENT j 

NORMAL 

(SEC.)_. 

Caso 1 

100 

— 

180 

— 

100 

11 


25 

75 

17 


75 

25 

37 

Case 2 

100 

100 

240 + 

7 


40 

60 

240 + 


20 

80 

20 __ 
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was prolonged by the addition to it of the plasma of the patient. The release 
of a “lieparinoid 1 ’ anticoagulant was studied extensively with the thrombin, 
time hi dogs exposed to mismatched transfusions by McKay and his colleagues. 4 

A marked prolongation of the thrombin time was also seen by us, combined 
with an increase in fibrinolytic activity and oozing tendency, in a patient 
being prepared for portocaval shunt, and in patients with severe pulmonary 
lung embolism. 


WK U 82210 HYPOTHERMIA ALONE SEVERE TETRALOGY O' FALLOT PULMONARY VALVULOTOMY. 


5 23 5-2 1 


5 26 5-27 



5 O 
a “ 

3 u 


?■—Tetralogy of Fallot. Patient operated upon for pulmonary valvulotomy under 
anc-'rh nnla ‘ -Vo£c; Increase thrombin time in control sample and gross increase during 
,' lru ' surgerj- preceding a series of cardiac arrests. -Steady drop of urokinase excre- 
uun until death. 


DISCUSSION 

The immediate problem raised by these observations is the nature of the 
anticoagulant causing the clotting defect. It is not yet possible to say whether 
this substance is heparin, or not. It is sometimes neutralized by protamine 
Iwth in vitro and clinically but. on other occasions, protamine is quite ineffectual 
and excessive quantities are required for neutralization of the thrombin in¬ 
hibitor in vitro. Possibly two related compounds are involved; for instance 
heparin and Loeliger’s 5 antithrombin T, which immediately neutralizes thrombin 
mt is not neutralized by protamine. 

It is well known that, a variety of stimuli, including experimental shock, 
may trigger the release of heparin and related substances into the general 
circulation; but observations of the release of an anticoagulant during surgerv 
m man are scant. Periiclri noted a marked increase in “heparin-antithrombin” 
evels during prostatectomy on hypotensive patients, but did not see this 
ciange m those operated upon without hypotension, although there was a 
lelease of “lieparin-antithrembin' 5 in patients with vasolabilitv. Weiss 15 men 
wns 2 patients who presented a “heparin-like’’ syndrome after open-heart 
surgery with hypothermia and Muller- reported on a patient who exhibited 
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a prolonged thrombin time which was no I corrected by administration of 
protamine after disconnection of the pump -oxygen a t or. The plasma of this 
patient prolonged the thrombin time of normal plasma. We reported an 
increase of thrombin inhibitor in cardiac patients operated upon under hypo¬ 
thermia/’ However, these increases were moderate compared with the ones 
previously reported and with those described in the present study of patients 
of a different type and operated upon with a different technique. 

Experimentally, La.selv demonstrated a marked release of heparin during 
the rewanning phase in hypothermic dogs undergoing heart surgery. Kolft 
and co-workers* observed in dogs a reappearance of delayed clotting several 
hours after prolaminization and designated this phenomenon a “heparin- 
rebound” effect; but, these observations might well be related to the findings 
described here. 

It has been reported that during the course of a variety of diseases, such 
as disseminated lupus erythematosus, metastatic carcinoma of the liver, cirrhosis 
of the liver, malabsorption syndrome, multiple myeloma, pre-eclampsia, and 
eclampsia, an anticoagulant may appear which produces a prolongation of 
the thrombin time accompanied by a hemorrhagic diathesis uncorrectable y 
the administration of protamine sulfate. (For literature, see Favre-Gihy an 
collaborators. 10 ) In these diseases, the clotting defect appears gradually hub 
during surgery, it appeal's suddenly, suggesting the possibility' of an abrupt 
release of the anticoagulant from storage organs. The same situation obtains 
in experimental anaphylactic shock during which an anticoagulant of anti- 
thrombin type is momentarily released which results in incoagulability an 
is accompanied by a reduction of the surface tension of the blood. If * ie 
shock is lethal, the anticoagulant can be demonstrated until the death of tie 
animal. Near lethal Adrenalin injections produce the release of an antithrom 111 
substance in conivast to small doses which enhance coagulation. 11 Phaimaco 
logically, active compounds acting on the autonomic nervous system, as well as 
pain, mechanical stimulation of vagosympathetic or parasympathetic nerves, 
or of certain parts of the cortex, bring about a very swift change of the activity 
of a variety of clotting components. 12 ' 13 Increased sympathetic tone is lik °) 
to enhance the coagulation in contrast to vagus stimulation which exerts <m 
inhibiting effect. Vagal tone tends to increase the heparin antithrombin. 
There are some contraindications in the literature which might be cxplainc 
by the observation 13 that the changes in the activity of the coagulation factors 
are dependent upon the tonus of the autonomic system at the moment o 
stimulation. 

Therefore, the release of thrombin inhibiting substances may depend upon 
the status of the autonomic nervous system of the patient. Certain changes 
in its reactivity may induce the release of inhibitors and simultaneously in¬ 
fluence the cardiovascular system in such a way that it responds abnormally 
to surgical and other stresses. If this assumption is correct, our observation 
that increase in thrombin time heralds the cardiovascular disturbances might 
be explained on this basis. Interestingly enough, the highest preoperative 
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thrombin times were observed in patients ■with tetralogy of Fallot. De Sario 14 
also found increased antitlirombin activity in the patients with tetralogy of 
Fallot. There is frequently a high risk in operating on these patients. 

Bleeding, itself, was a problem in only 2 of our patients and, therefore, 
is not an inevitable consequence of an elevation of the thrombin time. This 
phenomenon is more likely to occur when the inhibitor increase coincides with 
very marked fibrinolytic activity. Severe bleeding of this type was seen in 
1 patient, reported in detail earlier. 1 A second patient (Fig. 4) exhibited a 
considerable oozing tendency concomitant with a very marked increase in 
thrombin time. 

Bleeding may be treated by the use of fibrinogen and ACTH infusions, 
CaCl 2 and Adrenosem. Protamine may be tried but it occasionally enhances 
or initiates a fibrinolytic reaction. The maintenance of an adequate blood 
pressure by the adequate replacement of blood loss and other means is of 
crucial importance. 

It would seem likely that, during the past, incoagulability of blood de¬ 
veloping during surgery or under other circumstances may well have been 
misdiagnosed as afibrinogenemia, when, in reality, a strong thrombin inhibitor 
was present. 


SUMMARY 

Serial thrombin time determinations were done in 27 patients undergoing 
cardiac surgery. Twenty-six were operated upon with the pump-oxygenator, 
with or without hypothermia, and 1 with hypothermia alone. In the patients 
uho died after the procedure, a marked elevation of the thrombin time 
vas found in the control specimen, and a marked rise after induction of 
anesthesia, but before the surgery. A sudden rise of the thrombin time during 
the post-pump phase heralds cardiovascular dysfunction which may or may 
not lead to death. Postoperative death was associated with the greatest eleva¬ 
tions of the antecedent thrombin times. The mechanism underlying these 
findings is discussed. 

"We wish to thank Mrs. Edith von Kaulla for her technical assistance in this study. 
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TRAUMATIC ANEURYSM OF THE THORACIC 
AORTA SIMULATING COARCTATION 

A Case Report 

fames R. Malm. M.D., and Ralph A. Deterling, Jr.. Al.D..* 
New York. N. Y. 


"“Traumatic thoracic aneurysms have been described as a pathologic entity for 
■L many years 1 -* but only occasionally present as a surgically correctable 
lesion. This lesion has been encountered only twice among 126 patients with 
thoracic aneurysm operated upon at Presbyterian Hospital. During recent 
' ears -- visional therapy has proved increasingly safe and effective, emphasizing 
the need for increasing our knowledge of the clinical course of this entity. 

The majority of patients receiving trauma sufficient to rapture the aorta 
die almost immediately. Attesting to this is the fact that the largest reported 
senes of 72 traumatic aneurysms was among 7,000 consecutive autopies re¬ 
ported from the Chief Medical Examiner’s office of New York City. 5 The fate 
of those patients who survive the initial aortic injury appeai-s variable and for 
‘he most part unpredictable. Survival and the subsequent clinical course must 
epend upon the depth and size of the aortic tears and the ability of the residual 
media, adventitia, and adjacent structures to buttress the laceration and hema¬ 
toma against constant aortic pressure. 

The development of a widened mediastinum and clouding of the aortic 
nob. following severe chest trauma, should strongly suggest that rapture of the 
aortic wall may have occurred. The subsequent x-ray appearance of a bulging 
or ouble contour in the area of the aortic arch, during the first to fourth 
veevs following injury, is diagnostic of traumatic aneurysm, or, better termed, 
a ia se aneurysm. The sulisequent course of these lesions has been difficult to 
L U ^ bUt based on a suramm '-v of available reports of patients surviving the 
• 10 hours after injury, approximately -40 per cent of these aneurvsms°ran- 
,;;i! ' nt,U r , the 60 d ‘Y' s (Table I). Steinberg- has recently emphasized 
slirur- C f rt c am number of these lesions become chronic, stable, and ultimately 
, r .„. t Ca C:lficatlon by roentgenogram. Unfortunately there is no satisfacton- 
— autlcl pate ' Tluch of tbe ae nte lesions will become chronic and stable from 

° r Pfl Vsicians ana 

1?59 _ Presented before tbe Meeting of the Xetr York Society for Thoracic Surgery, A fay 21 

Receked for publication X"ov. is, 1959 . 

-Xorr at Tufts University School of Medicine. Boston, Mass. 
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those that will rupture. In the case to he presented, there developed a clinical 
picture associated with a traumatic aneurysm of the descending thoracic aorta 
that has not previously been described; an awareness of this sequence of events 
may aid in the diagnosis and mangement of future eases. 


Table I. Course of Patients Surviving 30 Hours After Injury 


1 

XUMDKR 
or CASKS 

CHRONIC 

PROGRESSIVE 

SURGICAL \ 
CORK j 

DEATH 

AFTER 

SURGERY 

RUPTURE 

Bradford and Johnston 0 

1 





5 wk. 

Bahnson' 

1 



i 



Corbitts 

1 





20 hr. 

Eisemnn and Rainer 0 

G 

2 

i 

i 

3 

9 da. 

Forbes' 0 

1 





30 hr. 

Goyotto ct al." 

3 

2 



1 


Hardin ct al.'z 

1 




1 


Henning and Agmar'a 

1 





48 In. 

Hollingsworth ct al.'-* 

4 

2 

i 

i 



Kuhn' 0 

1 





30 da. 

Rico and Wittstruck 10 

1 





5 wk. 

Sarot and Lazzaieni" 

1 



i 



Steinberg's 

5 

4 



1 


Storey et nl.'o 

2 



i 


12 da. 

Stranahan ct al. 00 

1 



3 



Strassman 0 

4 





(4) 12 and 







38 hr. 

Waro ct al. 2 ' 

1 




1 


IVyman °' 

3 





(3) H 5 
35 hr.; 8 







da. 

Zehndcrzs 

1 





4'/j da. 

Totals 

39 

10 

o 

G 

5 

36 


CASE REPORT 

W. R., a 48-ycar-old man, was struck by a truck on Feb. 2S, 1058. On admission to 
the hospital he was in extremes respiratory distress. A roentgenogram of the chest confirmc 
the clinical impression of multiple rib fractures and a bilatcrnl hemothorax. Thoracentesis 
and supportive therapy relieved respiratory distress and blood pressure was maintainc 
at 150/80 mm. Hg. 

Ton days following injury the patient developed an episode of severe right chest and 
substomal pain accompanied by dyspnea, hyperpnen, and sweating. At this time the blood 
pressure was recorded as 220/100 mm. Hg. The electrocardiogram remained essentially 
unchanged throughout this period. Episodic pain recurred almost daily and alternating 
auricular fibrillation and flutter with a 2:1 block developed on tho twentieth hospital day. 

The patient was discharged on tho thirty-first hospital day. Although digitalized he 
was readmitted 8 days later in acute left ventricular failure. Tiio patient responded promptly 
to oxygen, diuretic drugs, and an increased dosage of digitalis. Arterial tension in botli arms 
was recorded as 240/80 mm. Hg. A chest roentgenogram made 41 days after tho injury non 
allowed a double contour enlargement in tho region of the aortic arch which suggested 
aneurysmal formation (Fig. 1). Chest paiii and cardiac failuro recurred and tho patient 
was transferred to Presbyterian Hospital on April 28, 1958. 

On admission tho patient was dyspnoic, ortliopneic, and cyanotic, with a rapid irregular 
pulse. Arterial pressure in the right arm was 220/80, in tho left arm 240/80 mm. Hg- 
Carotid pulses were equal to palpation. Tiio blood pressure was rocoided as 90/0 mm. fft 
in both low r cr extremities and pulsations in tho abdominal aorta could not bo felt. The heart 
was enlarged to tho anterior axillary line and a soft systolic murmur could bo heard ever 
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tho left chest anteriorly and posteriorly. The patient was placed on a strict cardiac regimen 
and signs and symptoms of cardiac failuro resolved within 48 hours after admission. On 
May 14, an angiocardiogram was performed in two projections which confirmed the con¬ 
ventional roentgenogiaphic appearance of an aneurysmal dilatation of the aorta just beyond 
the origin of the left subclavian artery. 



Fig. 2— A, The specimen shows the hematoma sac as Mewed from the proximal 
of the aortic segment he 

B, An intact aortic tvall is seen distally Microscopically the hematoma separated 
adventitia from the media with infarction noted in the outer two thirds of the media. 


On May 20, approximately 3 months following injury, exploratory' left thoracotomy 
was performed. An aneurysmal dilatation of the thoracic aorta was noted just distal to t c 
left subclavian artery, measuring approximately G by 8 by 8 cm. Excision of the aneurysm wa 
possible during partial perfusion of the distal aorta by a left atrium to left femoral artery 
bypass with a Sigmamotor pump.=i A perfusion rate of 2,200 c c. per minute was require 
to control proximal aortic hypertension. A preclotted crimped Dacron prosthesis* was m 
serted. On the day following surgery, the patient’s blood pressure was 130/80 mm. Hg 111 

•Ethigraft available from Ethicon Inc., Somerville, N J. 
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all extremities. The postoperative course was imcventfuJ except for an episode of auricular 
fibrillation occurring on the second postoperative day wliich responded to increasing doses 
of digitalis. Since discharge the patient has remained normotensive and is well 1 year 
following surgery. 

The pathologic specimen (Fig- 2) showed the large hematoma space outside the aortic 
lumeiL The hematoma presented outside the media of the aortic wall microscopically, wliich 
probably explains why the dissection did not progress along the aorta as occurred in the 
case reported by Rice lc of a pregnant woman at term, following chest injury. The diagram 
in Fig. 3 shows the probable sequence of events following aortic tear with formation of the 
partially obstructing hematoma. 



3 .—The schematic diagram illustrates the location and obstructing nature of the hematoma 
mass following the aortic wall dissection through the intimal tear. 

discussion 

The recent publications of Steinberg 15 and others 9 have raised a question 
as to the advisability of operating on a patient simply because the roentgeno- 
graphie diagnosis of post-traumatic aneurysm is made. If observation proves 
to be an accepted form of clinical management, then a recognition of changing 
hemodynamics in the peripheral vascular system may be significant evidence of 
active bleeding and impending disaster following chest injury, as is well 
recognized in dissecting aneurysms. It is quite possible that the sudden de¬ 
velopment of hypertension proximal to an aortic hematoma may be a cause of 
sudden rupture late in the course of the aneurysm. Such a sequence of events 
Ls suggested in Case 3 reported by Eiseman, 9 although blood pressures were 
not reported. The patient developed a left hemothorax on the ninth post-injurv 
day. Two hours following this he complained of numbness in his feet and femoral 
Pulses disappeared. The patient suddenly then went into shock and subs'e 
quently died immediately after resection of a ruptured aneurvsm of the thoracic 
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It is apparent that when rupture occurs, attempts at surgical correction 
have been associated with a high mortality. With the present-day use of atrial- 
femoral bypass, resection of aneurysms of the descending aorta can be carried 
out with a mortality of approximately 39 per cent,” as compared to 27 to 50 per 
cent using hypothermia or external shunts. There seems then little reason for 
delaying early surgical excision of an acute traumatic aneurysm or of a chronic 
symptomatic lesion, once the diagnosis has been established. Observation may 
be justified in the chronic, stable, calcified aneurysms if careful followup is 
available. Careful repeated records of peripheral pulses, particularly the 
femoral pulses, in patients following chest injury may give valuable information 
in the diagnosis and management of a traumatic aneurysm, and indeed may be 
an early sign heralding disaster. 


SUMMARY 

1. A case of post-traumatic thoracic aortic aneurysm has been described 
which presented a hemodynamic picture simulating coarctation of the aorta. 

2. A careful apprasial of peripheral pulses in patients following chest in¬ 
jury may give valuable information in establishing a course of management. 
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AN IMPROVED CAVAL CATHETER FOR CARDIAC BYPASS 


R. 0. Heimbecker, AI.D.,* Toronto, Ontario 

C aval catheters must be very accurately placed in order to achieve free 
venous return. During the course of a long perfusion they will often shift 
out of position, especially if there is considerable manipulation. Moreover, the 
usual fixation of the catheter to the atrial appendage does not give adequate 
immobilization of the catheter tip. 

Bardic venous catheters are firmly tied with a loop of umbilical tape, before 
autoclaving (see figure). After cooling, a permanent circumferential groove vill 
be present, which will not significantly encroach on the catheter lumen. Ibis 


s v.c. 



groove is then engaged by the caval tape when total bypass begins. Perhaps 1 
is preferable to pass the caval tape around the vena cava twice, to give comp c 
fixation of the catheter tip. The catheter tip is then firmly anchored in accura e 
position, regardless of subsequent manipulation of the heart and catheters. 

This modification lias been especially useful in the superior caval type o 
atrial defect, in which accurate position of the catheter tip is so essential. $ lS 
also useful in septum primum defects, in which considerable traction may » e 
applied to the catheters. 


From the Department of Surgery, Umvei sity of Toronto, Toronto, Ontario. 
Received for publication Nov. 23, 1959. 

•Research Associate of the Ontario Heart Foundation. 
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Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting 

The Forty-first A nn ual Meeting of The American Association for Thoracic 
Surgery will be held April 24, 25, and 26, 1961, in Philadelphia, Pennsylvania. 
Headquarters will be the Sheraton Hotel. 


Requests for Hotel Reservations 

These should be mailed directly to Mr. Brian Kirby, Reservation Manager, 
Sheraton Hotel, Philadelphia 3, Pennsylvania. Please mention this Associa¬ 
tion, the type of accommodation desired, the date, and appx-oximate hour of 
arrival and departure. If accommodations are desired elsewhere please com¬ 
municate directly with the hotel of your choice. 


Material for the Program 

Scientific Papers. —Abstracts of all papers proposed for presentation at 
the 1961 meeting must be received on or before November 15 , 1960 , otherwise 
they -will not be considered by the Program Committee. These should be 
labeled “For Thoracic Surgery Forum” or “For Regular Program” depending 
upon the nature of the subject matter, in the same maimer as in previous 
years. They should contain from 200 to 250 words that accurately reflect the 
content of the completed paper. 


Six, repeat, six clearly legible copies of each abstract must be sent to Miss 
Ada Hanvey, Administrative Assistant, The American Association for Thoracic 
burgery, 303 Carondelet Building, 7730 Carondelet Avenue, St. Louis (Clavtoiri 

o, Missouri. * ’ 


Essayists selected for the program are reminded that papers presented at 
the meeting must be handed to the secretary immediately after their nresenta 

r!°n- T 0t ready at th3t time tllere is a ehance that they will not be 

published in The Journal of Thoracic and Cardiovascular Surgery b 
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AMERICAN" ASSOCIATION FOR THORACIC SURGERY l Thuracic and 

Cardiovas. Surg. 


Applications for Membership 

Applications for Associate Membership in the Association must he received 
1)}' the Membership Committee not later than November 15, 1960, otherwise 
the application will be deferred for consideration until the 1962 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signature on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 

Frank Gcrbode, M.D. 

Chairman of the Membership Committee 
Presbyterian Medical Center 
San Francisco 15, California 

Sponsors arc reminded that new letters of recommendation must be 
forwarded to the Chairman of the Membership Committee should their appli¬ 
cants be held over for reconsideration a second year. 
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7/7 Memoriam 


EDWARD JAMES O’BRIEN 

dp., edwabd james o BRrEx died at 10 a.m.. Oet. 19. 1959, at Harper Hos¬ 
pital. Detroit. Michigan. He died as the result of two separate carcinomas, one 
of the prostate and one of the lung. He was born at Hatley, Wisconsin, and 
was, at the time of his death. 72 years of age. He grew up in Wisconsin until 
high school age, when he moved to Alpena. Michigan, where he lived with his 
sister, Mrs. Elizabeth Bonneville and her husband. Dr. Louis Bonneville, a 
practitioner there for many years. 

When his high school education was finished he entered the Detroit 
College of Medicine, now the Medical College of Wayne State University, and 
was graduated in 1909. He entered the intern service at Harper Hospital. 
Detroit. Michigan, where he served two years. He entered the practice of 
medicine in 1911 in Detroit. 

At the outbreak of World War I in 1917 he joined the Harper Hospital 
knit, known as Base Hospital 17, and served ruitil sent home because of a 
duodenal ulcer. This disorder continued to plague him during the rest of hi* 
life. 


He was appointed to the staff of Harper Hospital and the Herman Kiefer 
Hospital, the latter being the infectious disease hospital of Detroit. At that time, 
tuberculosis was becoming a problem in a growing industrial city, and its con¬ 
trol was essential. Dr. Bums Amberson was appointed Controller. It has 
often been said that because of tuberculosis hi his immediate family Dr. O'Brien 
became interested in the problem of tuberculosis. This is not the case: it was 
Dorns Amberson who influenced him to enter the field of thoracic surgery. 

Tims, in 1926 he embarked on a study program. There were not mam- 
places to go. for the art was new. On his return, he. for a period, operated 
!n an °ld wooden building on the grounds at Herman Kiefer Hospital. It had 
previously been a boiler room. 


In 1928 he became Chief of Thoracic Surgery at Herman Kiefer Hospital 
and then limited his practice to thoracic surgery. In 1930 lie became Chief of 
Thoracic Surgery at Harper Hospital. These positions lie held for many years. 
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Tlic State of Michigan formed a State Sanitarium Commission, and he was 
appointed a member of this Commission in I92S. lie remained as a member 
and, most of the time, as its Chairman until 19o0, when Covernor "Williams le 
moved him because of disagreements 

lie served for many years as a Clinical Professor of Surgery at Wayne 
State University and previous to that as a preceptor in anatomy at the Detroit 
College of Medicine. 



Photo from The Detroit News 
EDWARD JVJIES o'l3RIEX 


i The 

The historical side is ended This now is an analysis of the man. 
writer was associated with him for over twenty-five years. His main mteres 
was always in the field of tuberculosis He was Irish and a good politician, 
and he used it to the advancement of care for the tuberculous sick Almos 
single-handed he built institutions for the care of this disease, not only’ lU 
Detroit but in the entire State. He labored tirelessly until at an early a * e 
Michigan had the most adequate hospital treatment, and control system in 
this field. 

He was long a member of this Association, served on its Council and be¬ 
came its President His affection for this Association was great. 

He was a man of strong opinions. He could be kind. He could be most 
unkind. His was a restless soul. He did the right as he saw it. He was a 
stormy petrel in a wind-swept sea, but when the evening came there was P eace 
at last. 


WM. M. TUTTLE, M P- 



O r ig in a l Co m m u n ications 


the use of direct stimulating myocardial electrodes 
in complete atrioventricular, block 

Bernard S. Levoivitz, AI.D. (by invitation). William B. Ford. AI.D., and 
James W. Smith. Jr.. AI.D. (by invitation). Pittsburgh. Pa. 


A cqutp.ed complete atrioventricular dissociation with critically low ventricular 
** rates has been successfully treated by external stimulation of the myo¬ 
cardium through the chest wall by skin electrodes. 1 - 2 Prolonged application 
Ox this method, until a sustaining rhythm is restored., is poorly tolerated since 
d is often associated with pain, violent muscular contractions, skin burns, and 
-superficial ulcerations. Stimulation of the heart through a direct myocardial 
electrode has been utilized for extended periods in the management of complete 
tiean block following open-heart surgery, but has not been accompanied bv 
these undesirable sequelae. 2 This technique has therefore been suggested for 
eases of acquired complete heart block which have proved refractory to medical 
m anagement. Our experiences with 3 patients in whom myocardial electrodes 
and an artificial pacemaker were employed for the treatment of persistent 
■ lokes-Adams seizures are described in this presentation. 


CASE REPORTS 

™ Tras a "-rear-old white man who was admitted to the Presbvterian 

^pual on Jnlv 29, 1959, supported bv an external pacemaker. 

^ The patient s past history disclosed that he had been hospitalized for a mvocardia] in- 
' m November, 1957, from which he had recovered satisfactorily On June 6 1059 he 
^ again hospitalized at the Fairmont General Hospital, Fairmont, West Virginia "with a 
jagnosis of acute myocardial infarction and a complete heart block caused bv arterioWeroric 
^ orovascular disease. Electrocardiograms showed a complete atrioventricular dissociation 

0 jL n r? ; tc 01 30 1). The patient appeared to respond to 

piS “ Q Ndroryamphe.annne hydrobromide. However, on the following dav, L co m - 
P-rned of oppressive snbstemal pain, had a short episode of smcope and w™’ 
and hypotensive. His pulse rate fell to 20 per minute 

epinephrine and isoproterenol, the ventricular rate was recordedC 2 » C 

^ — 1 P—^r was applied with a i'tit“ ^ * 
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shortly in Stokcs-Adnms secures Over IL™ ‘1 S / ri!,dby has,s ' vere unsucce-sful am] resulted 
pacemaker was characterized hv 4 tt wcc , fc 5 !,le P fttient ’ s response to the evtenul 

voltages were required to maintain t ircs,oM to Progressively higher 

' vi(, ‘oue evident improvement S'•'^ rafc ‘ Slcroids ««" admiaistLl 
P ement. Convolve opcodes now occurred whenever the pncemAa 




■W 


,'A 


<•. i'IJ? Complete BLocK 


jT -jJ i 



B June a ifS7 Oh FxteRHfiL PflcenftKtR 



O^IwteRfi^L Rscenfl^' 




was momentarily discontinued. It , , , 

was subsequently transferred to titis i e _ mnc °d that he had suffered over 200 seizures. ® 
maker with a mobile power supply '° Splt! * ! ’ a ^stance of 130 miles, on an external pate 


The patient had been externally rn r i r 
Wood pressure of 150/80 mm. Hg- with a •° ° J ° 5 <^ays. Physical examination showed « 
well adjusted to the frequent contractions 1 ' 1 ' P j osed P u1sg rate of 10 per minute. He appeared 
and cooperative. His skin showed virm, , US cflest museIes on the left side and was alert 
anterior and nosterior a a JOn and second 


anterior and posterior chest wall where t! V° n aac * se °ond degree electrical burns on the 
Two small ulcers in the same area were s- 8 * *™ ,,bl ting electrodes had been applied (Fig- 21- 
thorax were hypertrophied and contracted " lrdy in:f eeted. The muscles of the left hemi- 
shallowly and synchronously with the pacemaker°^ P&t miaute - ® ile patient breathed 
the constant movement of the patient’s chest e 'fc lm ^ U k eS ^ 16 ^ !in ff s were clear. Because of 
heart. Aside from a 3+ enlargement of the £/ not P os sible adequately to examine the 
tion was not remarkable. Routine laboratory 0 ^ % ^ Temaia<ler the physical examine 
elected to convert the patient from an external pa ce ° 9 ' rerc normal limits. It wa; 

days, to a direct myocardial stimulating unit, Wa er ’ !, 'liich had sustained him for 5$ 
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On Aug. 3, 1959, under light Pentothal and nitrous oxide anesthesia supplemented by 
succinylcholine, a left anterior thoracotomy was performed through the fourth intercostal 
space. Muscle contractions ceased following the administration of the muscle relaxant while 
the heart continued to respond to stimuli from the external pacemaker. The stimulating and 
indifferent electrodes, incorporated in a nonconductive, Silastic (Dow-Corning) ■ patch, were 
embedded into the myocardium of the left ventricle and fixed to the epieardium with inter¬ 
rupted silk sutures. The Teflon-Silastic insulated leads were secured to a rib and brought 
out through the left anterior chest wall. These were connected to the transistorized pace¬ 
maker and a pulse rate of 70 per minute was established as the external pacemaker was dis¬ 
continued. Direct observation of the heart, blood pressure, and the electrocardiogram con¬ 
firmed the effectiveness of the new impulse (Fig. 1). At the conclusion of the procedure, the 
/ patient’s blood pressure was 130/S0 mm. Hg aud he reacted promptly. As a safeguard 
against equipment or patient failure, the external pacemaker was placed on a standby 
monitoring circuit triggered to respond to an asystolic interval of 6 seconds. 4 



-■—Cutaneous pigmentation and ulceration beneath one of the electrodes of the external 
pacemaker after 55 days of almost continuous use in Case 1. 


On the first postoperative day, asystole occurred which was managed by the external 
pacemaker. Thereafter, his blood pressure fell to 70/40 mm. Hg and he appeared in shock. 
Increasing frequency of dropped beats was observed in response to pacemaker stimuli. 
Maximum currents failed to alter the cardiac function and for 6 hours the patient remained 
m precarious condition. Intravenous sixth molar sodium lactate together with metaraminol 
produced dramatic improvement. Ventricular contractions became synchronous with paee- 
m aker impulses and the blood pressure rose to 140/S0 mm. Hg. For the next S davs the 
patient required intravenous metaraminol to combat frequent episodes of hypotension asso¬ 
ciated with profuse diaphoresis. He received no lactate during this period. Oliguria occurred 
on the third postoperative day which persisted for 3 days. By the ninth postoperative day 
e was on substantial oral intake and his general condition appeared satisfactorv. The 
metaraminol infusion was progressively diminished and discontinued on the fifteenth post¬ 
operative day. At tills time a left pleural effusion, consisting of 1,500 ml. of serosanguineous 
“Old, was evacuated, which was sterile to culture. 


A coagulase-positive, staphylococcal infection, attributed to a wound infection at the 
6 of the external electrodes, developed along the thoracotomv tube drainage tract and 
wT 3 the sinus tract occupied by the electrode cable. These cleared somewhat under 
^tensive local care and antibiotic therapy. 
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On the twenty-seventh postoperative dny, S hours following a “dry" chest tap, the 
patient suddenly collapsed while walking in his room. He appeared in profound shock. The 
pacemaker was functioning satisfactorily. Vasopressors failed to improve his condition. For 
tho first time the patient complained of abdominal pain and examination revealed generalized 
tenderness and rebound with absent bowel sounds. An abdominal catastrophe nas suspectei 
and a peritoneal tap returned grossly bloody fluid. Following transfusion of 3,500 ml. o 
blood, laporotomy was performed for massive intrapcritoncal hemorrhage of undetermine 
origin. A ruptured subcnpsular hematoma on the costal surface of the spleen^nas foun 
which was bleeding actively. Splenectomy was performed and the abdomen ck , , Durmj, 
the procedure which proceeded uneventfully, the internal pacemaker was main /'r 1 a | a 
of 80 per minute to compensate for the high output demand. Although no n / /P er j° 

. r ii.. 1 _/v i. _ :.t: _ i .„.. «1.s» miLnmiiu.t.fiil t J i nriWfMi t was ( A k . 7 Implicate 



. pGl"' 

Fin. 3. —Postmortem appearance of tlie heart in Case 1 demonstrating pro . ^ biP°' ar 

foration at base of abscess in tho apical portion of the left ventricle and the oisp 
electrode. 

Tho patient’s postoperative course was relatively uneventful. Mctaraminol " ^ji'd'hypO' 
for 48 hours and then discontinued. Irregularly skipped beats accompanied bj nu . 

tension were noted on the ninth day after splenectomy, 0 weeks after electrode imp ■ 

This deficit between tlio imposed rate and the patient’s pulse was corrected by increa 0 ^ 
current to 15 Ma. There was continued drainage about tho pacemaker cable and r0 ™ ^ 
site of tlie thoracotomy drainage tube. Tlie patient was discharged 13 days after sp 
tomy, afebrile, with the pacemaker set at a rate of 70 per minute. ^ 

While at home the patient was able to care for his needs, walk without assistance, ^ 
engage in limited activities. Aside from battery changes every 25 days, no pacemaker a 
ments were required until tho eighth week following discharge, when dropped bea s 
again recorded. These increased over the next 3 days despite maximum current se ^ 
The pulse rate fell to 20 per minute and he experienced many syncopal attacks and conv “ ^ 
seizures. Electrocardiograms showed complete absence of a ventricular response to m er 
’ he was placed on an external pacemaker. Tlie patient’s conn i 

pacemaker stunifli ^ Twenty-four hours later, on Nov. 11, 1959, he sudden ! 

improve as u continuously sustained by direct myocardial stimulation for slig ‘ - 

diea ; after iiaviiit, 

over 3 months. 
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At postmortem examination, the pacemaker leads mere seen to traverse a sinus tract 
containing a moderate amount of purulent material. They joined the electrode patch ■which 
was displaced to one side and mas not in contact with the epicardium of the lext ventricle. 
Surrounding the patch mas an irregular abscess cavity containing purulent fluid, mhich ex¬ 
tended through the entire thickness of the apical portion of the left ventricle (Fig. o). 
The muscle bordering the perforation mas ragged and necrotic. Considerable hemorrhage mas 
noted covering the surface of the heart and in the remainder of the mediastinum. Advanced 
atherosclerosis involving both the anterior descending and circu mfl ex branches of the left 
coronary artery mas noted. The left pleural cavity contained a loculated subparietal abscess 
mhich did not appear to communicate mitli the sinus tract or the myocardial abscess. Death 
mas attributed to ventricular rupture secondary to abscess formation. 

Comment: Infection along the tract created by the electrode cable tras 
responsible for he fatal outcome in this patient. It is recognized that the 
transthoracic leads can function as a wick inviting bacterial contamination of 
the thoracic viscera. It is of interest that the septic foci just described failed to 
produce the usual clinical manifestations, doubtless because of the intensive 
antibiotic therapy which the patient received during Ms hospitalization. 


Case 2. —B. V. mas a 71-year-old white man mho mas first seen at the Presbyterian 

Hospital in February, 1959. for treatment of an anaplastic carcinoma of the bladder. A 

routine electrocardiogram at that time showed a first degree heart block and a right bundle 

branch block. Repeat electrocardiograms in September. 1959. disclosed a second degree heart 

block and a left bundle branch block (Fig. 4). While in the hospital for urologic studies, 
be had a sudden syncopal episode associated with rigidity of his extremities mhich lasted for 
10 seconds. At this time, examination revealed a cardiac rate of 30 per minute and the 
electrocardiogram showed a complete heart block (Fig. 4). Isoproterenol mas administered 
sublingually, eg m g everv g hours, and a cardiac rate of 40 per minute mas established over 
Ihe next 24 hours. He mas discharged one meek later, asymptomatic but still in complete 
heart block. 


On Oct. 21, 1959, he was readmitted because of some six to eight syncopal episodes 
'uCered in the previous 3 days. Examination disclosed a blood pressure of 115/50 mm. Hg 
and a regular radial pulse of 32 per minute. The lungs mere clear save for bilateral inspira¬ 
tory rales at both bases mhich cleared on coughing. Clinical examination showed that the 
oeart mas not enlarged. The second sound was loudest at the pulmonic area and a harsh 
Grade 2 systolic murmur mas present at the base with transmission into the neck. Yarving 
mtensity of the first heart sound and a protodiastolic gallop mere noted. Xo organomegaly 
Pras noted on abdominal examination. There mas no peripheral edema. The electrocardio¬ 
gram showed complete atrioventricular dissociation with an auricular rate of 104 and a 
ventricular rate of 32. The QBS pattern mas that of a right bundle branch block. Trans¬ 
verse enlargement of the cardiac silhouette with a left ventricular contour mas noted on a 
ehest roentgenogram. 

Following admission, the patient mas connected to an external pacemaker which mas 
placed on a standby monitoring circuit and set for an asystolic interval in excess of 6 
seconds. Isoproterenol mas increased to 10 mg., sublingually, every 6 hours. During the 
course of the next 3 days, the average pulse rate mas 40 per minute. Despite an increase 
m the dose of isoproterenol to 12.5 mg. every 2 hours, he had frequent episodes of asystole 
lasting from 2 seconds to a period of time sufficient to activate the external pacemaker." The 
majority of these attacks occurred while the patient mas asleep at niriit. 

4 ° n 0ct - 26 > 1959 > 311 anterior thoracotomy mas performed through the fourth left inter- 
C0Sial and myocardial stimulating electrodes mere implanted into the lef‘ 

ln C f e , The ™\ reTd increased to 3 Ma, at mhich point the mvocardimn 

responded to each impulse of the internal pacemaker at a rate of SO per minute with no 
topped beats (Fig. 4'I. 

onri irradiate postoperative course mas complicated by unexplained hypotension. The 
Patient’s blood pressure ranged between S0/60 to 100/70 mm. Hg. After 24 hours thH 
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stabilized at preoperative levels without therapy. Serum electrolytes on the first postoperative 
day revealed a moderate hyponatremia which was gradually corrected by specific fluid therapy 
By the seventh postoperative day he was on substantial oral feedings and the electrolyte 
values were within normal limits. During the entire period following operation, the pace¬ 
maker was maintained at 3 Ma. and at a rate of 70 to SO per minute. No evidence of 
dysfunction or further syncopal episodes were observed. The patient was discharged on 
the sixteenth postoperative day on no medication. 

One month after discharge the patient was readmitted with a one-neck history of fre¬ 
quent syncopal attacks. In addition, he had noted dyspnea on exertion, orthopnea, and anile 
edema. Examination revealed a complete atrioventricular block with an apical rate of 32 per 
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Fig: 4 —Electrocardiogram of Case 2 (B. V > which shows partial A r V block 
bundle branch block (A), and a complete A-V block (B), and the patient on uw s 
pacemaker ( C ). Impulses are indicated by vertical lines preceding ventricular cou^ 

minute. Fine inspiratory rales uere noted at both lung bases and 3+ pitting edema of the 
ankles was present. Substitution of an alternate pacemaker resulted in an jmme ^ 
response at 4 Ma. Digitalis and diuretic therapy were instituted, in addition, and mar ^ 
improvement in tlie signs and symptoms of congestive failure were noted within 48 hours, 
defect was subsequently found in the original transistoi ized pacemaker. 

During the 7 months since discharge, lie has remained asymptomatic and lias been ah ,e 
to engage in limited activities. The current from the piesent appaiatus has been graaua . 
raised to 6 Ma. with the finding of occasional dropped beats. The only other comphc atJ0 " 
lias been persistent puiulent drainage from around the electiodes entering the chest " a11 - 

CASE 3.-—O. W. was a 57-year-old wiiite man, a retired coal miner, who was admith 
to this hospital on Oct. 8, 1959, with a history of frequent syncopal attacks during the P re 
ceding 5 months. He had been relatively well, except for mildly progressive dyspnea on 
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exertion, until 5 months prior to admission when he experienced a sudden loss of conscious¬ 
ness, lasting approximately 20 seconds, which was accompanied by a clonic convulsion. Sub¬ 
sequently, he noted considerable shortness of breath on exertion and at rest. Persistent 
substernal pain occasioned his admission to the local hospital for possible myocardial infarc¬ 
tion. At this time he appeared dvspneic. Loud expiratory wheezes were exhibited through¬ 
out both lung fields with prolongation of this phase of respiration. An electrocardiogram 
showed a complete heart block with an atrial rate of 65 and a ventricular rate of 40. He 
responded well to digitalis and diuretic therapy and was discharged. However, syncopal 
attacks slowly increased in frequency, as many as four occurring daily. The patient had 
recorded his pulse on these occasions and noted that it varied from 30 to 40 per minute. A 
definite increase in dyspnea was experienced with rates below 36 per minute. 



A 


OK A3>MlSVOH 



B 


Qf?oVfeH eiet+RoSe. 







C 


S-»s»- «*•*>! 0-CA-- c XI£ f-^rur^ 

x-vKReflsiMG Rsys+ohc. 
IHTEKVAL 


tailurp nf °- 1 -—Electrocardiogram m Case 3 (O W.) which shows complete A-V block (A), 
tricular .k 'VS' osed hnpulse to stimulate a ventricular complex with reappearance of an ldioven- 
<C\ cwi, m .? n the set enteenth postoperative day (B), a n d impending ventricular asystole 
Standstill W thereafter, thoracotomy and cardiac massage y ere performed for ventricular 
sun Pacemaker impulses are indicated by \ertical lines. 


Examination revealed a blood pressure of 170/70 nun. Hg and a regular pulse of 44 
Per minute. No venous distention was noted. The lungs were clear except for a prolonged 
xpiratorj- phase. The heart nas moderately enlarged. The second sound nas loudest in the 
a nionic area. There was marked variation m the intensity of the first heart sound; audible 
“ ml contractions were detected at the apex. The liver was enlarged to 7 cm. below the 
"S it costal margin. Minimal pretibial and ankle edema was present. Admission laboratory 
ies were within normal limits except for a urinary protein of 250 mg. per cent. Electro' 

4 logram confirmed the oro.eere nf complete atrioventricular dissociation (Fig. 5A). 
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The QRS complexes Imd the contour of a right bundle branch block. Chest x-ray studies 
disclosed a moderate degree of pulmonary congestion and cardiomegaly with predominantly 
left ventricular enlargement. 

Under continued digitalization, lied rest, and mercurial diuresis, an eight pound weight 
lo^s was effected with subjective improvement and a decrease in the signs of congestive heart 
failure. Isoproterenol, 10 mg. every 0 hours sublingually, was administered on admission 
and increased to 10 mg. every 2 hours as the need arose. Despite these measures, he ex 
perienced multiple syncopal episodes and convulsive seizures. Two days later, some 20 
attacks were recorded in a 24-hour period; isoproterenol administered sublingually, had 
seemingly little effect. Sixth molar sodium lactate was then administered by slow intravenous 
drip and the ventricular rate stabilized at 40 to 50 per minute with cessation of the asystolie 
periods. In view of the difficulties encountered in controlling the patient’s cardiac rate, it was 
elected to implant direct stimulating myocardial electrodes. 
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Fig-. 52? —Postoperative electrocardiogram in Case 3 which shows regularly paced QR S 
ples.es immediately preceded by the vertical line of the imposed impulse. 


On Oct. 13, 1959, an anterior thoracotomy was performed through the left fourt 
costal space and two polyethylene insulated, No. 2-0, multifilament, stainless steel " ir ^ ^ 
deeply' anchored into the myocardium approximately' 2 cm. apart. A single suture of 1 °- 
silk was used to fix the polyethylene tubing to the epicardium. The myocardium respon 
to a stimulus of 6 Ma. and was paced at a rate of SO per minute. - se 

The postoperative recovery was uneventful and by the end of the first week exCT 
tolerance exceeded preoperative levels. Increasing numbers of dropped beats were 1 
from the first postoperative day, however, and the current requirement was gradua y 
creased until the maximum output of the pacemaker was attained. On the seventeent i j>° 
operative day, the patient suddenly complained of dizziness and a pulse rate of 30 per min ^ 
was recorded. The electrocardiogram showed a reversion to an idioventricular rhythm wi 
no response to the stimulus provided by the pacemaker (Fig. 5 A). The pulse rate s ovv^ 
rapidly and complete asystole occurred. An external pacemaker was applied but no respo ^ 
could be elicited at maximum voltage. After approximately one minute of asystole, emergent 
thoracotomy was performed on the ward and cardiac massage instituted. Ventricular con ta ^ 
tions reappeared at a rate of 30 per minute. Six-tli molar sodium lactate was administer 
intravenously and the cardiac rate rose to 45 per minute. The patient was brought to 
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operating room and tlie left thorax was explored after extension of the previous incision. 
Pericardial and pleural adhesions prevented dissection and exposure of the stimulating 
electrodes to ascertain the cause of the dissociation between pacemaker impulse and myo¬ 
cardial response. A second pair of electrodes, similar to the first implant, was fixed to the 
myocardium in identical fashion. Stimulation of the ventricles was achieved at a current 
of 3 Ma. (Fig. 5 B). 

Postoperatively, the patient’s uneventful recovery was marred only by a superficial 
wound infection. At the time of discharge, 2S days following the second implant, the heart 
was paced at 5 Ma. at a rate of 64 per minute without dropped beats. 

The patient was rea dmi tted 2 months later, on Jan. 23, 1960, because of an erratic 
response to the pacemaker. The diffi culty* was ascribed to the transistorized unit; substitu¬ 
tion of an alternate pacemaker resulted in a satisfactory myocardial response at 10 Ma. The 
appearance of an idioventricular rhythm on March 10, 1960, prompted his readmission. 
Attempts to establish a ventricular response to the pacemaker were unsuccessful. After 
eliminating the factor of pacemaker dysfunction, it was determined that effective electrical 
contact was no longer present between the electrodes and the myocardium. The patient had 
done well despite the lack of artificial pacing. With an idioventricular rate stabilized at 40 
per minute, he suffered no syncopal attacks and only a mild increase in exertional dyspnea. 
He was subsequently discharged on full doses of isoproterenol. A persistent purulent drain¬ 
age is present about the leads at site of exit from the chest wall but the patient has declined 
removal of these wires at this time. 

Comment: Either extrusion from the myocardium, rupture of the wire leads, 
or short circuiting because of dissolution and loosening of the polyethylene 
insulation could account for the failure of this type of implant to function for 
longer periods. As a result of this experience, we have favored the noncondue- 
tive, bipolar, patch electrode for direet-mvocardial stimulation. 

DISCUSSION 

The vital functions of patients with complete heart block and extended or 
recurrent periods of asystole are jeopardized by circulatory insufficiency. 
Prompt and sustained application of the external pacemaker under these condi¬ 
tions may be lifesaving, as was demonstrated in the first patient who was 
maintained in this fashion for 58 days. It was noteworthy that there were no 
pathological changes in the heart or surrounding mediastinal structures, de¬ 
tected either at operation or postmortem examination, which could be directly 
attributed to prolonged use of the external unit. However, Reiff and his associ¬ 
ates-' have reported pericardial and epicardial hemorrhages in a patient who had 
been externally paced for 24 hours. Electrical bums, muscular spasms, and 
high pacing voltages limit the patient’s tolerance to continuous use of this form 
°f treatment. Some patients require temporary support by the external pace¬ 
maker for Stokes-Adams attacks occurring at the onset of or during complete 
heart block and then revert permanently to an adequate ventricular rhythm. 
n tlie Presence of a persistently slow rate, intermittent use of the extemal paee- 
maker for sporadic attacks is associated with a high mortality. 1 - 2 This is 
ascribed to ventricular standstill during an unpaced interval,' which is the 
Principal reason for sudden death in established complete atrioventricular block c 
In the older patient, the most common cause of complete heart block is 
coronary artery disease. This may occur following an acute occlusion or as a 



292 


LEVOVTITX, FORD, AND SMITH 


J, Tbotsdc ini 
CardiOUi Sjr? 


result of progressive myocardial ischemia which is due to coronary athero¬ 
sclerosis. The nature of the organic lesion and its contribution to the surgical 
risk temper the choice of an operative approach to the treatment of complete 
heart block. In addition, consideration of surgical therapy implies failure to 
respond to an intensive program of medical management including sympatho- 
mimctric amines, parasypatholvtic agents, and steroids. 

The selection of patients for implantation of direct stimulating electrode 
has been primarily based upon the incidence of Stokes-Adams seizures associated 
with depressed idioventricular rates. Although the reported experience n 
limited and our own series small, it has been possible to define several clinical 
situations wherein this procedure may be clearly indicated. In one group 01 
patients, a chronic state of circulatory insufficiency prevails, attended by fre¬ 
quent syncopal and convulsive paroxysms. The ventricular rate is extreme) 
low, usually less than 20 per minute. When acceleration cannot be achieve*: 
under a medical regimen, emergency support should be provided by an externa 
pacemaker. Conversion to an internal pacemaker is indicated where thrie b 
continued failure to revert to an adequate rhythm. In another categoi) aie 
patients with third degree block, who, over a period of months or years, demon, 
strate progressive ventricular slowing to rates ranging between 20 to P n ' 
minute. Initially well compensated, they experience insufficiency during exm 
cisc because of an inability to accelerate in response to a need for £ iea ^ 
peripheral blood flow. Dizziness and weakness are succeeded by frequent a 
tacks of syncope at rest, associated with periods of ventricular asystole. ro 
longation of the asystolic interval precipitates a convulsive episode which may 
be accentuated by the presence of cerebral arteriosclerosis. Since these pa ian 
experience intermittent bouts of reduced cardiac output over an extended pciim - 
they are difficult to control with an external pacemaker. It appears that in t ieSl - 
cases the direct stimulating electrode enjoys its widest applicability. 


Effective circulation may be maintained at fixed ventricular rates as 


slow 

as 20 to 30 per minute. This is accomplished through prolongation of diastole- 
greater ventricular filling, and increased stroke output. A persistent ' ca 
block ultimately promotes ventricular dilatation because of the constant require 
ment for an increased stroke volume. In a heart already impaired by coronar) 
insufficiency, dilatation will produce a further reduction in the cardiac resei'C- 
Eventually, congestive failure supervenes and is not an uncommon cause o 
death in complete heart block. 0 It is suggested that these events may be 5C ' 
versed by pacing the heart, at an optimum rate, thereby shortening the care me 
cycle, reducing the diastolic filling tune and improving the cardiac 0U T 11 ^ 
Although experimental evidence is lacking, clinical observations appear 
support the contention that the cardiac output of the paced heart is augments • 
When the pacemaker was discontinued and a slow idioventricular rate pre¬ 
vailed for 5 or 6 days or more, the signs of congestive failure were noted. (Cases 
9. an d 3); improvement occurred after pacing was restored. Experiment 


studies comparing the cardiac output of the completely blocked and the p 
heart are being conducted and will be presented in a separate paper. 


aeed 
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Tlie preoperative preparation of these patients was principally directed 
toward the treatment of congestive heart failure. Accordingly, digitalis was 
administered for the usual indications. Despite the absence of normal eavclio- 
aeceleration, vital signs were maintained witliout difficulty throughout all three 
procedures. In a similar experience, Penton and his associates 0 reported no 
mortality in 24 major operations in 19 patients with complete heart block. 

The bipolar electrode 5 which was used in 2 of the patients consisted of a 
2.5 by 1.5 by 0.5 cm. nonconductive patch of Silastic in which were incorporated 
the stainless steel prongs of the stimulating and indifferent electrodes, separated 
by a distance of 1.2 cm. These were embedded into the myocardium of either 
the right or left ventricles, and fixed to the epicardium by four to six interrupted 
silk sutures. Care was taken to avoid grossly infarcted areas and coronary 



Flir G -—Bipolar patch v, ith stainless steel prongs of indifferent and stimulating: electrode and 

transistorized pacemaker unit 

vessels. The stainless steel leads were insulated by Teflon and Silastic and were 
connected to a light weight (10 otmces) transitorized unit, 5 utilizing 9-volt 
mercury batteries and delivering a current up to 25 11a. (Pig. 6). The stimulus 
Was approximately 2 msec, in duration with a square wave contour. 'With this 
apparatus, pacing rates could he varied from 50 to 200 impulses per minute, 
batteries were changed every 25 days. Placement of the indifferent electrode 
adjacent to the stimulating electrode rather than at. a distance, that is. the chest 
'mil, has produced less myocardial fibrosis about the stimulating electrode. As 
a consequence, tissue resistance and the current required for impulse formation 
'vcrc reduced. In practice, initially low milliamperage settings (2 to 3 XTa ) were 
gradually increased over a period of 3 to S weeks. The appearance of frequent 
popped beats signalled the need for higher current adjustments. Thereafter, 

•Manufactured by Medtronic, Minneapolis, Minn. 
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current requirements generally remained constant at 5 to 15 Ma. with the rate 
maintained at CO to 70 per minute. 

Clinical and experimental studies have emphasized the close relationship 
between blood pH and the cardiac mechanism. Bellet and his associates 7 showed 
that the administration of a molar sodium lactate solution enhanced the 
rhythmicity ol’ the heart in complete block. Acceleration of the heart rate was 
attributed to increased myocardial excitability due to elevation of the pH. It 
has also been demonstrated that acidosis of metabolic or respiratory origin 
diminished the inotropic response of the heart to sympathomimetic amines 
whereas alkalosis potentiated this effect. 1 " 11 These observations suggested an 
explanation for the changes occurring in the immediate postoperative period in 
the first case, which were characterized by hypotension, a falling pulse late, an 
the lack of correspondence between the imposed impulse and the ventiicu ar 
complex. Although pH determinations were not available, it was reasona e 
to assume that postoperative metabolic acidosis and respiratory aci 0S1S > 
secondary to ventilatory insufficiency, prevailed. Under these circumstances, 
reduced myocardial contractility, accompanied by a lowered stroke \olunie ® 
cardiac output, resulted in hypotension. Similarly, an increased tines io ^ 
ventricular excitability was attended by decreased responsiveness to 
electrical stimuli and accounted for the impulse deficit. It appeared t ia r 
versal of these effects of acidemia was brought about by the administration 
sixth molar sodium lactate in conjunction with a sympathomimetic amine, ^ 
this case mctaranrinol. Once the response to pacemaker stimuli " as 
established, it was possible to maintain the blood pressure at near norma 
with a vasopressor until it became stabilized. On two occasions in ® se ^ 
acceleration of a slow, non-sustaining idioventricular rate was obtamec y 
administration of sixth molar sodium lactate. 

Infection about the leads exiting from the chest wall has constituted^ 
serious problem. In all 3 cases, coagulase-positive staphylococcus has e 
isolated from the sinus tract at one time or another and has resisted intensn^ 
local and systemic antibiotic treatment. The potential hazard of contamma 101 
of the underlying mediastinal structures was realized in the first parien , 
montlis postoperatively, with a fatal issue. The remaining patients have . ^ 
followed for 7 months and hare shown no signs of developing this distressing 
complication. Remote radiofreqrreney excitation of a miniature intracorpoi 
receiver, with wires leading to the myocardium, has been proposed to elinuna 
the need for a transthoracic cable. 12 

Other methods, which avoid entering the pleural cavity, have been describe 
to directly stimulate the myocardium. The intravascular electrode 0 
Furman, 13 ’ 14 introduced through a peripheral vein, stimulates the eodoean » 
surface of the right ventricle; continuous anticoagulation is needed to preven 
clotting about the tip of the electrode. Myocardial electrodes implanted P 01 ' 
cutaneously 15 ’ 10 may injure the coronary vessels and are subject to spontaneous 
displacement. While successful clinical application of these techniques for 
short intervals have been recorded, the long-term results in continuously P ace 
subiects are not yet available. 
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The therapeutic value of repetitive electrical stimuli, directlv applied to 
the heart in complete block, has been well established. Final evaluation of the 
teehniaue described for placement of myocardial electrodes must await further 
clinical trials. 


SUMMARY" 

1. Direct stimulation of the heart through an implanted bipolar myocardial 
electrode has heen reported in 3 cases of acquired atrioventricular block associ¬ 
ated with Stokes-Adams seizures. These patients had failed to respond to an 
extended trial of medical management in conjunction with an external pace¬ 
maker. 

2. The advantages of the bipolar patch electrode have been described to¬ 
gether with the details of operation of the transistorized pacemaker. 

3. In the immediate postoperative period, the use of sixth molar sodium 
lactate and the sympathomimetic amines to combat hypotension and the apparent 
refractoriness of the ventricular myocardium to the imposed impulse is recom¬ 
mended. 

A The problem of infection, introduced through the transthoracic cable, 
which was responsible for the death of one of these patients, has been discussed. 


The authors wish to express their appreciation to Dr. Jesse Jenkins, of the Eainnont 
General Hospital. Fairmont. West Virginia, for his assistance in the treatment of Cases 1 and 
" 2 nd for securing the pathologic material described herein. 
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current requirements generally remained constant at 5 to 15 Ma. with the rate 
maintained at GO to 70 per minute. 

Clinic.il and experimental studies have emphasized the close relationship 
refcneen blood pll and the cardiac mechanism. Bellet and his associates 7 showed 
t lat the. administration of a molar sodium lactate solution enhanced the 
i 13 t.Jmieiiy of the heart in complete block. Acceleration of the heart rate was 
attributed to increased myocardial excitability due to elevation of the pH. It 
ms also been demonstrated that acidosis of metabolic or respiratory origin 
diminished the inotropic response of the heart to sympathomimetic amines 
whereas alkalosis potentiated this effect ."- 11 These observations suggested an 
explanation tor the changes occurring in the immediate postoperative period in 
110 fa’st ease, which were characterized by hypotension, a falling pulse rate, and 
tire lack of correspondence between the imposed impulse and the ventricular 
complex. Although pH determinations were not available, it was reasonable 
to assume that postoperative metabolic acidosis and respiratory acidosis, 
secondary to ventilatory insufficiency, prevailed. Under these circumstances, 
reduced myocardial contractility, accompanied by a lowered stroke volume and 
cardiac output, resulted in hypotension. Similarly, an increased threshold of 
ventricular excitability was attended by decreased responsiveness to external 
electrical stimuli and accounted for the impulse deficit. It appeared that re¬ 
versal of these effects of acidemia was brought about by the administration of 
sixth molar sodium lactate in conjunction with a sympathomimetic amine, in 
this case metaraminol. Once the response to pacemaker stimuli was re¬ 
established, it was possible to maintain the blood pressure at near normal levels 
with a vasopressor until it became stabilized. On two occasions in Case 3, 
acceleration of a slow, non-sustaining idioventricular rate was obtained by the 
administration of sixth molar sodium lactate. 

Infection about the leads exiting from the chest wall has constituted a 
serious problem. In all 3 cases, coagulase-positive staphylococcus has been 
isolated from the sinus tract at one time or another and has resisted intensive 
local and systemic antibiotic treatment. The potential hazard of contamination 
of the underlying mediastinal structures was realized in the first patient, 3 
months postoperatively, with a fatal issue. The remaining patients have been 
followed for 7 months and have shown no signs of developing this distressing 
complication. Remote radiofrequency excitation of a miniature intracorporeal 
receiver, with wires leading to the myocardium, lias been proposed to eliminate 
the need for a transthoracic cable . 12 

Other methods, which avoid entering the pleural cavity, have been described 
to directly stimulate the myocardium. The intravascular electrode of 
Furman, • introduced through a peripheral vein, stimulates the endocardial 
surface of the right ventriclej continuous anticoagulation is needed to prevent 
clotting about the tip of the electrode. Myocardial electrodes implanted per- 
cutaneously 15 - 16 may injure the coronary vessels and are subject to spontaneous 
displacement. While successful clinical application of these techniques for 
short intervals have been recorded, the long-term results in continuously paced 
subjects are not yet available. 
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The therapeutic value of repetitive electrical stimuli, directly applied to 
the heart in complete block, has beeu well established. Final evaluation of the 
technique described for placement of myocardial electrodes must await further 
clinical trials. 


SUMMARY 

1. Direct stimulation of the heart through an implanted bipolar myocardial 
electrode has been reported in 3 cases of acquired atrioventricular block associ¬ 
ated with Stokes-Adams seizures. These patients had failed to respond to an 
extended trial of medical management in conjunction with an external pace¬ 
maker. 

2. The advantages of the bipolar patch electrode have been described to¬ 
gether with the details of operation of the transistorized pacemaker. 

3. In the immediate postoperative period, the use of sixth molar sodium 
lactate and the sympathomimetic amines to combat hypotension and the apparent 
refractoriness of the ventricular myocardium to the imposed impulse is recom¬ 
mended. 

4. The problem of infection, introduced through the transthoracic cable, 
which was responsible for the death of one of these patients, has been discussed. 


The authors wish to express their appreciation to Dr. Jesse Jenkins, of the Fairmont 
General Hospital, Fairmont, West Virginia, for his assistance in the treatment of Cases 1 and 
3 and for securing the pathologic material described herein. 
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201: 9IS, 1959. 1 - Knd'ofrequoiicy Transmission, New England J. Med 

13. : The Use of an Intracard,a! Pacemaker in the Correct.cn 

14. Tuman/s* a.7d Si»t“drf T B 1 Congress, Chicago, 193S 

A T ew England J. Med! 201: 9 i3 " f) ^ ,tracardmc 1’noemaker for Stokes Adams Seizure, 

lo. '1 hcicnct,^ A^, lodges, P. C., and Lillohci, C. AM.; The Use of the Mvocardial Electrode 
Artificial Pacemaker, Ihs. Chest sTfill AtHo ' cntncu,ar B,od b - T M 

Vlect rode,'Lancet* a/Tl 09,' 1Mt> Pcrcuta,,cous Introduction of Cardiac Pacemaker 

Discussion 

approach CPW111, Non York, A’. Y.—This is an interesting and courageou- 

nietlmrl i 7 10 Bf ° * <? . ni ° P * loart Dock. There are, however, several disadvantages to tin- 
„ ’ “ clu J“S nnosthesia, thoracotomy, the use of electrodes which maj fatigue and break, 
creasoa covcopment of fibrosis aiournl the nijocardial electrode, necessitating frequent in 
10 amp ltu e op current in order to maintain an effective stimulus 
uhu.fi ti Plcso P r n'dcms may he circumvented bv employing an endocardial pacemaker, in 
tlironn-j ° LC no L ectrodo, a conductive wire contained in a cardiac catheter introduced 
rirrlit mnl P® rl P' ara l 'em, delivers its impulse in contact with the endocardial surface of the 
Furman * , " S *® c * ln,< I uc » developed in our own laboiatory and clinically In Dr. Seymour 

the \mn S rg 'o rcsldcnt nt tllc Montcfioro Hospital and presented by him at the Forum of 
date' T1 r C ° ? ec ° Su,gcons ,n 19 IS. l*ns been applied by our group to 18 patients to 
from 4 <? f 0 ^ a ' sica P' cttuc °I Stohes Adams attacks was the presenting problem in 16 of these, 

of fi fi-nd >Car , S ? a ?°’ tb ° atno 'ontricular dissociation m the oldest occurred in the cour-c 
of a fresh mjocard.nl infarct, with a successful outcome 

and Be °P' c arQ m aintainod on an ambulatory outpatient basis, on anticoagulant thcr.apj, 

powered bv n' 0 r0 „ Urn ° *° fllB a cti'itv while the endocardial electrode is still m P^ ace > 

need to „,trL s ’ P ° rtn ,lc ’ ,J ' ltte O operated transistorized pacemaker. There has been no 

continuous n ' °t 10 amP ' llude ° f tIlc smaB current in any patient, despite many months of 
continuous or intermittent stimulation. 

produced *iiearf U M 1 ' t0 ^ 1IS Ince(,ln g aro 2 children, aged 2 and 5 years, with surgical!} 

had become ref 7" f ° °') ln8: the °P cn «>i rcction of septal defects Both of these children 

then paced a, 1 ?,?: ° *7 “•' 0Card, “ 1 ™ P'aced at the time of surgery, and both were 

than the on ^ U * r ? tbC ondocardial technique, death was ultimately due to causes other 
tnan the consequences of heai t block 

of the^obl 111 ' 1 ^ 7 ™ ICU ’ ^ IlrLnoa polis Mum.—This report certainly points up some 

of the pioblems with which this method ls plagued 

I would like to illustrate our e\pcnence with just 1 case—a 37 jcut old man with con 

Sw l lnm C wZ i e ,T bI °f’ " h ° ' VaS as A m ptomat)c until 2 jears prior to the tune that wo 
saw him when lie had a cardiac arrest while folk dancing. 

xr, ab ° Ut b0 " ts of momentary cardiac arrest lasting from 1 to 41 seconds 

x no months ago we unplanted a bipolar electrode exactly like the one vou saw on the screen 
Four months following operation, he returned to work, he ls now worLmg 6 dajs a week, 6 
hours a day, as a tool and diemaher, and with a rate maintained between 76 and 81. 

lie is relatively asymptomatic. We have had the pioblem of having to change the pace 
maker on two occasions, because of defects in the components. Within the first 3 weeks folio" 
mg implantation, the current demands to stimulate the heart increased rapidly. However, since 
that tune we haven’t had to increase it more than 2 milliampcres 

The first slide shows the gross cardiomogaly. This patient was catheterized, and showed 
no evidence of a septal defect. The electrocardiogram demonstrated left as well as rigid 
lij-pertrophy. 
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This slide shows the heart size S months following implantation of the electrode, and 
artificial control of the heartbeat at approximately SO a minute. There has been a significant 
redaction in size. 

I certainly don't think tills is a panacea for this type of arrhythmia, and the optimum 
treatment will probably be oral medication. However, it is a satisfactory method of keeping 
these patients alive and allows them to lead useful lives. 

DR. HARVEY J. MENDELSOHN, Cleveland, Ohio.—Ye anticipated some of the 
difficulties that Dr. Levowitz has had and, being presented with problems in 2 patients who 
had typical Stokes-Adams syndromes with repeated episodes of syncope and, who had failed 
to respond to treatment by the usual methods, including steroids, we decided to try a different 
approach. 

The first patient was a 60-year-old man, and we chose to approach this from the vagal 
reflex aspect. This man had a small hiatus hernia. However, we could not prove by stimula¬ 
tion that this was the cause of triggering his mechanism. In this individual, arteriosclerosis, 
I’m sure, was a primary factor in the repeated Stokes-Adams syncope. 

Ye first repaired the hiatus hernia. At the same time we sectioned the vagus nerve just 
inferior to the recurrent nerve on the left. The man had a period of improvement for a few 
months, hut he still required Isuprel and atropine. 

About 9 months later we sectioned the right vagus nerve transthoracically paratracheally. 
Since then this man has got along with a bradycardia and with no further syncopal attacks 
for 2*4 years. He has been able to work effectively. 

The second patient was a woman with sarcoidosis in her late thirties. Steroids were in¬ 
effective, and she was threatened with decerebration because of repeated episodes of heart 
block and hypotension. 

In this case we chose to do a vagectomv inferior to the left recurrent nerve through the 
left chest. At the same time we resected a portion of the right vagus paratracheally. 

This patient has not done welL She is living 2 years later but with recent episodes of 
heart block and hypotension. Ye believe there are a certain number of patients in whom the 
long-term use of electrodes can be obviated. The prolonged use of implanted electrodes is not 
an appealing method for a person who has a continuing disease and the problem of infection 
vil] always exist. 

DE. YILLIAM B. FORD, Pittsburgh, Pa.—The use of direct myocardial electrodes with 
a transistorized pacemaker is an acceptable procedure. The operation is simple, as compared to 
olher thoracic surgical procedures, and the complications that arise usually can be controlled. 
However, one should not use the monofilament wire, for this wire breaks when it is used as a 
oyocardial electrode. Rather, the bipolar electrode, such as was developed by Dr. Hunter in 
Minneapolis, is suggested. 

This procedure is, therefore, recommended for patients having Stokes-Adams seizures with 
a complete heart block, when they are not controlled with good medical management. 

DR. LEVOYITZ (Closing).—I wish to thank the various discussers for their remarks, 
oo of the disadvantages of the myocardial electrode is the transthoracic cable. Elimination 
0 the percutaneous lead would be most desirable. Dr. Glenn and his associates have reported 

the c,lnical use of an intracorporeal receiver which is activated by a remote radio frequency 
ransmitter. This technique appears promising and is currently being studied in our laboratory. 



SURGICAL CORRECTION OF TRANSPOSITION OF THE 
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William L. Riker, M.D. (by invitation), Arthur De Boer, M.D. 
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' I " HE problem of surgical treatment of transposition of the great vessels still 
•I remains unsolved. It is not a simple matter of establishing serial continuity 
of the pulmonary and systemic circulations. Time, the technical difficulties 
of such procedures are better understood, and successful complete correction 
of transposition has been reported . 1 However, the problem extends far beyond 
smgical technique. The pulmonary artery in cases of transposition comes off 
the left i outride and the lungs are usually subjected to high arterial pressure. 
The consequences of this anatomic relationship are not completely understood, 
but it is expected that prolonged high pulmonary arterial pressure is harmful- 
Correction of transposition of the great vessels is also complicated by the 
relationship of any potential surgical procedure to growth. Patients with 
tiansposition defects become critically ill and require surgical correction very 
eaily in life. Suture lines or artificial prostheses used for early surgical pall' - 
ation may impede flow of blood by the time the infant reaches adulthood. The 
mattci of timing is extremely important, and it remains to be seen whether 
total correction or staged partial correction will give the best ultimate physio¬ 
logic lesults. Finally, the pathologic condition of transposition of the gicat 
vessels is not uniform. A variety of associated defects may be encountered. 
It is highly probable that no single operative procedure will be applicable to 
all of them. The final answer to the transposition defect still eludes us. It 1S 
our hope only that the material in this paper might help crystallize some 
thoughts on the subject and lead to more steps in the right direction. It is 
also an opportunity to describe our results in a palliative procedure which 
has provided very satisfactory clinical resirlts to date. 


From the Departments of Surgery. Cardiology and Pathology Children’s Memorial Hos¬ 
pital, 707 W. Fullerton Ave., Chicago, III. 
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MATERIAL 

The first patient operated upon by us for transposition of the great vessels 
by the method of transplanting the inferior vena cava and the right pulmonary 
veins was reported from the Children’s Memorial Hospital in Chicago. The 
operation was perfonned in March, 1955. Five years have elapsed since that 
time and 148 similar procedures have been done. The age of these patients 
at the time of operation has varied from 6 days to 15 years. We have analyzed 
the first 117 operative procedures for mortality rate, clinical results, and 6-month 
to 5-year postoperative follow-up. The remaining 31 patients have been sep¬ 
arated into a second group because of a shorter postoperative follow-up and 
because Teflon grafts were used for the procedure. The pathology of trans¬ 
position of the great vessels has been re-evaluated in the light of our operative 
experience. Catheterization data and other physiologic studies were collected, 
wherever feasible, and are described as a guide to clinical selection of patients 
for this procedure. 


partial correction of transposition of the great vessels 

The basic steps for transfer of the inferior vena cava and the right pul¬ 
monary veins have not been altered (Fig. 1). As described in our earlier 
articles, 2 ' 3 a thoracotomy is done through the right fifth interspace and the 
right pulmonary artery is dissected free. A major change from the original 
description, however, involves early occlusion of the right main pulmonary 
artery, immediately after the thoracotomy incision is completed. This alteration 
m technique is important. It has reduced the operative mortality from about 
50 per cent to its present rate of about 10 per cent. As is well known, pul¬ 
monary arterial pressure is high in most cases of transposition. The manipulation 
of the lung required for operation can often lead to such serious pulmonary 
hemorrhage that the patient dies in the immediate postoperative period from 
marked hemorrhagic pulmonary congestion. Early occlusion of the pulmonary 
artery, before dissection of the other hilar structures, will generally avoid this 
complication. 

After the right main pulmonary artery is occluded, the right pulmonary 
reins, the lateral aspect of the right atrium, the right phrenic nerve, the in¬ 
ferior vena cava, and the right main-stem bronchus are dissected free. The 
pericardium is utilized to suspend the heart from the chest wall, so that the 
freight of the enlarged heart does not cause collapse of the left lung. This 
ls an °ther important change in technique. It has made possible survival of 
a niJ ml)er of tiny infants who would certainly have died of anoxia during the 
Procedure. Hypothermia is also used to advantage. We have found that 
reduction of the patient’s body temperature to about 30° C. occasionally permits 
survival of an infant who will not tolerate occlusion of the pulmonary artery 
at normal body temperature. 

After adequate cooling of the patient, temporary occlusion of the right 
mam pulmonary artery, suspension of the heart with the pericardium, and 
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isolation of the remaining hilar structures, the following maneuvers aie com¬ 
pleted. (1) A curved coarctation clamp is placed on the lateral aspect of the 
inferior \ cna cava and a homologous aortic graft is anastomosed to the excluded 
lip of the inferior vena cava (Fig. f, B and C). (2) The right pulmonarj 

veins are separated from their point of entrance into the left atrium and the 
opposite end of the aortic homograft is anastomosed to the left atrial stump 



of the right pulmonary veins (Fig. 1, D, E, and F). (3) A curved coarctation 

clamp is then applied to the lateral aspect of the right atrium and the dista 
end of the right pulmonary veins is anastomosed to the excluded lip ° f 1,lC 
right atrium (Fig. 1, F and G). (4) The occluding umbilican tape ligatures 

about the right main pulmonary artery and the right main-stem bronchus aie then 
removed and the right lung is allowed to expand. (5) The patient is gnen 
a few moments to recover, and a stout silk ligature is tied about the point 
entrance of the inferior vena cava into the right atrium. This makes the 
of blood from the inferior vena cava, through the aortic homograft into the le 
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atrium, obligatory. (6) Tbe pericardial incision is then repaired, endotboiacic 
drainage is provided, and tlie thoracotomy is closed. 

One hundred and seventeen patients have undergone the procedure just 
described, with, homologous aortic grafts used to bypass the inferior vena cava. 
The mortality rate has improved steadily. Early in the series, it was 50 per cent. 



Fig 1 —Cont'd. For legend see opposite page 


During the last year, however, it decreased to 8.3 per cent. The over-all oper¬ 
ative mortality, including immediate and delayed operative deaths, was 29.0 
Per cent (Table I). In the latter half of the past five years, the operative 
mortality has also greatly improved for the younger patients in the series 
(Table II). Early in our efforts, most of the younger patients were between 
and 6 months of age, hence the residual high mortality shown for that age 
group. As more experience accumulated, however, patients below 3 months 
0 age were operated upon and the mortality rate in those infants is comparable 
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to the over-nil mortality. At the present time, any child with a transposition 
defect who is deemed a satisfactory operative risk is operated upon regardless 
of ape. 


Table r. 


YEARS 

TOTAL NO. OP CASHS 

OPERATIVE DEATHS 

MORTALITY RATE 
(%) 

1955-56 

30 

IS 

50.0 

1937 

22 

10 

45.5 

105S 

35 

4 

11.4 

1959 

24 

2 

8.3 

Totals 

117 

nr 

29.0 


Table II. 


AGE 

TOTAL NO. OF CASES 

1 

OPERATIVE DEATHS ! 

1 mortality RAu 
(%)_ 

0-3 nio. 

13 

4 

30.8 

4-0 mo. 

10 

0 

60.0 

7 mo.-l vr. 

20 

5 

25.0 

2-5 vr. 

47 

12 

25.5 

Over 5 yr. 

27 

7 

25.9 

Totals 

117 

34 

29.0 _ 


Postoperative results have been very satisfactory. Eighty-three patients 
in the above series survived operation and have had 0 months to 5 years o 
postoperative observation (Table III). Fifty-eight patients (70 per cent) in 
minimal residual cyanosis following partial correction of their transposition 
defect. Their exercise tolerance was markedly improved, and weight an 
muscular development approached normal limits, even in the youngest menu 
of the group. Episodes of severe dyspnea and cardiac failure became ram- 
Ultimately, they were able to discontinue taking digitalis and diuretics. 0 
genograms, in most instances, showed decrease in the size of the heart s in 
(Fig. 2). 


Table III. 

| CASES 

Good lesults 58 

Fair results IS 

Poor results 2 

Lost to follow-up 5 

Totals S3 

Eighteen patients (21.6 per cent) had mild cyanosis at rest whichjn 
creased considerably on exercise. Their clinical results were classified as a • 
Although episodes of dyspnea and heart failure had decreased, they con m 
to have significant impairment in exercise tolerance. Muscular develop > 
although greatly improved, was considered below normal. Boentgenogn 
usually demonstrated no decrease in heart size. Two patients (2.4 per c 
had poor clinical results. Their cyanosis did not improve at all after openi > 
and they both ultimately succumbed, although they did not die until se^r 
months following operation. Five patients who survived operation (6- r 
cent) were lost to long-range follow-up. 
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Causes of operative death are recorded in Table IV. Thirty patients died in 
the hospital immediately following operation. Thirteen developed intractable car¬ 
diac failure and 3 had cerebral vascular accidents from which they did not 
recover. These deaths were considered hazards of the transposition defect and 
in a sense are not preventable. Six patients, however, died of severe pulmonary 
hemorrhage during or immediately following operation, and 5 infants suc¬ 
cumbed to severe edema of the right lung which caused fatal anoxia in the 



a. b. 

Fig-. 2—Roentgenograms of the chest which demonstrate decrease in size of the heart 
shadow following partial correction of the transposition defect A, Preoperative chest roent¬ 
genogram Xote marked cardiac enlargement. B, postoperatne chest roentgenogram taken 
about 3 years after surgery. The cardiac shadow has greatlj decreased in size. 


immediate postoperative period. We felt that these deaths were preventable 
because they presumably resulted from incomplete management of the high 
pressure in the pulmonary artery. Since early occlusion of the right main 
pulmonary artery has been incorporated into the operative procedure, such deaths 
have virtually disappeared. The remaining immediate operative deaths, 2 from 
intercostal hemorrhage and 1 from supraventricular tachycardia, are technical 
hazards and probably can be prevented by meticulous attention to surgical and 
medical management. 


Table IV. Causes of Death 


Immediate Operatiie Deaths 

1. Cardiac failure 13 

2. Cerebral vascular accidents 3 

3. Hemorrhage from right lung 6 

i. Right pulmonary edema with anoxia 5 

5. Intercostal hemorrhage 2 

6. Supraventricular tachycardia 1 

Delayed Operatiie Deaths 

1. Diarrhea ^ 

_2. Pulmonary arteriolar sclerosis 3 


Four patients died shortly after returning to their homes. One contracted 
severe infantile diarrhea and succumbed to dehydration. It is felt that this 
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death is not directly related to the operative procedure. Three patients, how- 
vei, did not have satisfactory response to the operative procedure. They were 
, e 'anotic when discharged after prolonged hospitalization, and died 
sue en v aiu ^ unexpectedly with terminal syndromes variously interpreted as 
pneumonitis 01 pulmonary congestion.” Although their postmortem ex¬ 
aminations weie not performed at our hospital, all three autopsies were re¬ 
ported as showing pulmonary arteriolar sclerosis. 


■ y results and operative deaths were studied in order to establish 

nic ications foi this surgical procedure. It was noted that only fair clinical 
lesi ts v cie obtained in patients having high preoperative arterial oxygen satura¬ 
tions, while best results were obtained in children with intense cyanosis. Hence, 
me no longer operate upon patients with transposition defects with arterial 
oxygen saturations of 75 per- cent or over. Such moderately cyanotic patients 
with transposition have good shunts across the septal defects, or other intra- 
caidiac defoimities which permit mixing of the pulmonary and systemic circula¬ 
tions. Tliis type of surgical procedure does not result in significant impwe- 
ment of the peripheral arterial saturation. 


Another important consideration is the presence of high pulmonary arterial 
pressure. Its role in the postoperative course of patients with transposition 
defects has been extremely difficult to evaluate. At this time, its presence does 
not influence our choice of patients for this operation. 

.Moderate pulmonary valvular or infundibular stenosis lias not impaired our 
clinical results. In fact, some of the most striking instances of postoperative 
improvement m cyanosis have occurred in patients with mild pulmonary stenosis. 
Our conviction that pulmonary stenosis should not he a contraindication to this 
procedure is strengthened by evaluation of 14 patients with pulmonary artery 
pressures below 200 nun. of water who were treated with aorticopulmonary or 
subclavian-pulmonary anastomoses (Table V). The immediate postoperative 
mortality rate for these operative procedures was 50 per cent, and improvement 
m cyanosis was not as satisfactoiy as in similar patients having transfer of the 
inferior vena cava and the right pulmonary veins. Long range follow-up reveals 
that only 1 of the 7 survivors is still alive. lie has recently had to return to the 
hospital for a second shunt operation. 


Table V. 


- -- —r - 

Subdavian'puLmonaiy 

Totals 





MORTALITY RATE 

SHUNTS 

1 TOTAL NO. or CASES | 

1 OPERATIVE DEATHS ] 

(%) ___ 


_S 

14 


5 

2 


25.0 

50.0 


Cardiac failure is a common finding in transposition of the great vessels. 
We have never considered it a contraindication to operation, if the patient re¬ 
sponds to medical tx-eatment. Approximately one half the patients operated 
upon were in severe failure when they arrived at the hospital, yet after adequate 
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preparation many of these survived the operative procedure and have had excel¬ 
lent clinical results. The only patients denied operation were those who remained 
in intractable heart failure in spite of intensive and prolonged medical therapy. 


PHYSIOLOGIC OBSERVATIONS 

Transposition of the great vessels can usually he differentiated from other 
forms of cyanotic congenital heart disease on the basis of clinical, roentgeno- 
graphic, and electrocardiographic examination. Whenever these findings are 
classical it is usually possible to select a suitable surgical candidate on the basis 
of the presence of intense cyanosis. Nevertheless, selective or venous angio¬ 
cardiography is frequently performed and is of particular value in demonstrat¬ 
ing the presence of associated intracardiac lesions. 

Data obtained at right heart catheterization may also assist in selection of 
surgical candidates. Table VI presents the pre- and postoperative peripheral 
arterial oxygen saturations of 6 patients ranging in age from 7 weeks to 8 years 
at the time of surgery. The postoperative arterial saturations in this group were 
78 to 84 per cent at rest, and this latter figure is considered to be the approxi¬ 
mate maximal obtainable saturation. The marked increase in arterial oxygen 
saturation from approximately 40 per cent (preoperatively) to SO per cent (post- 
operatively) in patients J. L. and R. H. was associated with dramatic clinical 
improvement (Pigs. 3 and 4). These patients had considerably elevated pul¬ 
monary arterial pressures in the preoperative studies. However, pulmonary 
vascular resistance was not significantly increased in the face of large pulmonary 
blood flow (Table VI). Large left-to-riglit atrial shunts resulted from the 
surgical transposition of the right pulmonary veins from the left to the atrium. 


Table VI. 


patient 

AGE 

PULMONARY AR¬ 
TERY PRESSURE 
(MM. Hg) 

PULJI./SYST. 
BLOOD FLOW* 
(L./MIX./M2.) 

SYST. ARTERIAL 
(%) (PREOP.) 

0, SATURATIONS 
("%) (POSTOP.) 

J.L. 

4 wk. 

62/27 

(47)t 

12.2/5.2 

42 

78 

R. H. 

8 mo. 

62/30 

(50) 

12.1/5.3 

39 

84 

S. G. 

4 wk. 

— 


-- 

69 

81 

D. M. 

3 JT. 

38/15 

(25) 

0.4/3.4 

66 

S4 

S. 11. 

8yr. 

27/10 

(17) 

— 

57 

79 

M.B. 

8 JT. 

100/72 

(S6) 

7.2/4.0 

77 

SI 


* Oxygen consumption estimated at 170 ml./min./M. 2 with all 
uemerol-Sparine-Phenergan premedication. 
fMean arterial pressures. 


studies performed under 


Patients D. M. and S. M. had proportionately less increase in arterial oxyo-en 
saturation following surgery, but eacli reached a level of approximately SO per¬ 
cent and had marked clinical improvement (Table VI). It is apparent that 
moderate stenosis of the left ventricular outflow tract is not a contraindication 
to the partial venous correction procedure. Patients D. 31. and S. 31. had 
clinical and catheterization evidence of pulmonary stenosis with moderately low 
PUlmonary artery pressure but increased pulmonary blood flow. Of considerable 
interest in this regard is the added observation in patient J. L (Fm 3 ) that 
left ventricular outflow tract stenosis developed in the 5-month interval between 
the preoperative and postoperative catheterization studies. 
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J.L op. 6 wks. 

Cath.l: age4wks. Cath.2: age 6mos. 



i y ° anil postoperative catheterization (lata on patient J. h. H* ' ‘ 
f a ?° .°, C 1 W0t ‘ , 5 s ffc/f ) and operated upon at C weeks of u-B - 

atlioterlzation was done at G months or ape (right dmnram). Hole «W» ent 
text) PlllCnt s ^ enos ^ s left ventricular outflow tract In the postoperative period 


R.H. op. 12mos. 

Cath.l: age 8mos. Cath.2: agel8mos. 



Fig-. 4.—Prooperative and postoperative catheterization data on patient R. H. He 
catheterized at the ago of S months (left diagram) and operated upon at 12 months 01 b 
Postoperative catheterization was done at the age of 18 months (right diagram). 
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Partial venous correction has been performed on a few children with mark¬ 
edly increased pulmonary vascular resistance but, as previously stated, there has 
been only minimal or moderate clinical improvement in this group. M. B. 
represents such a patient (Table VI), with a preoperative arterial oxygen satuia- 
tion of 77 per cent and a moderately large left-to-right shunt at the ventricular 
lei el associated with severe pulmonary vascular obstruction. The postoperat.h e 
increase in arterial saturation to 81 per cent was associated with slight clinical 
improvement 



Fig 5—Postoperati\e tenous angiogTam through inferior \ena ca\a tvhich demonstrates 
large thrombus formation at upper end of a Teflon prosthesis used to transfer the inferior 
'ena ca\a to the left atrium 


USE OF TEFLON PROSTHESIS 

Since September, 1959, when the series reported in the earlier section of 
this paper vas completed, use of homologous aortic grafts has been discontinued 
and Teflon prostheses have been inserted to transfer the inferior vena from the 
fight atrium to the left atrium. Otherwise the operative procedure is the same 
as that just described Thirty-one patients haic now been operated upon with 
the use of Teflon prostheses. Eleven of these patients have died following opera¬ 
tion, an immediate operative mortality rate of 35 5 per cent. In general the 
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J.L op. 6 wks. 

Cath.l: age4wks. Cath.2: age 6mos. 



Pi?- 3.—Preoperntive and postoperative catheterization data on patient J- H He vas 
catheterized at the ape of l weeks (left dinoram) and operated upon at 6 weeks oi at { 
Postoperative catheterization was done at G months of ape (rinht diagram). . " ot ® £5 P r se e 
development of stenosis of left ventricular outflow tract in the postoperative periou i- 
text). 


R.H. op. 12mos. 

Cath.l: age 8mos. Cath.2: agel8mos. 



pig-. 4 —Preoperative and postoperative catheterization data on patient R. H. 
catheterized at the a&e of 8 months (left diagram) and operated upon at ' m° nu 
Postoperative catheterization was done at the agre of 18 months (right diagram j. 


He 

of 


was 

age. 
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Partial venous correction has been performed on a fevr children vrith mark¬ 
edly increased pulmonary vascular resistance hut. as previously stated, there has 
been only minim al or moderate clinical improvement in this group. M. B. 
represents such a patient (Table VI), with a preoperative arterial oxygen satura¬ 
tion of 77 per cent and a moderately large left-to-right shunt at the ventricular 
level associated with severe pulmonary vascular obstruction. The postoperatit e 
increase in arterial saturation to SI per cent was associated with slight clinical 
improvement. 



Fie 5—Postoperative venous angiogram through inferior vena cava which demonstrates 
‘C'Se thrombus formation at upper end of a TeSon prosthesis used to transfer the inferior 
'ena cava to the left atrium 

USE OF TEFLON PROSTHESIS 

Since September, 1959, when the series reported in the earlier section of 
this paper teas completed, use of homologous aortic grafts has been discontinued 
and Teflon prostheses have been inserted to transfer the inferior vena from the 
right atrium to the left atrium. Otherwise the operative procedure is the same 
as that just described Thirty-one patients hac e now been operated upon with 
the use of Teflon prostheses. Elecen of these patients ha\e died following opera¬ 
tion, an immediate operative mortality rate of 35.5 per cent. In general the 
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causes of death have not diflcred from those described in the first series. In 1 
patient, however, a thrombus did form at the junction of the Teflon graft with 
the inferior vena cava (Fig. 5). This patient was operated upon for removal 
of the thrombus as soon as the diagnosis was made, but he did not survive the 
second operative procedure. 

This one definite instance of thrombus formation in the Teflon prosthesis 
is in keeping with our own observations in the laboratory that there is a slightly 
higher incidence of thrombus formation with plastic prostheses than with 
homologous aortic grafts. However, it is true, as in other types of cardio¬ 
vascular operations, that plastic prostheses have greatly facilitated introduction 
of artificial conduits. The incidence of thrombus formation is relatively 
small and should decrease with further experience. It has not occurred since 
the single episode early in the series. "We do not have long-term follow-up 
studies of replacement of the inferior vena cava by Teflon prostheses in human 
beings. However, these have been introduced into animals which have been 
followed thus far for 16 months without serious complications. We feel that 
Teflon prostheses can be used to replace homologous aortic grafts in this opera¬ 
tive procedure. 

SUMMARY 

1. Five years’ expei’ience with partial correction of transposition of the 
great vessels by transplanting the inferior vena cava and the right pulmonary 
veins is described. 

2. One hundred and forty-eight patients have been operated upon in this 
manner; homologous aortic grafts were used in 117 instances and Teflon pros¬ 
theses were used in 31. 

3. The operative procedures with homologous aortic grafts were analyzed 
with regard to mortality rate, long-range clinical results, causes of death, and 
available physiologic data. 

4. Our opinions and methods for proper selection of patients for this opera¬ 
tive procedure are discussed. 
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Discussion 

DR. DENTON A. COOLEY, Houston, Texas.—Anyone familiar with the physiology 
anatomic, and technical problems concerned with surgical correction of complete transposition 
of the great vessels must admire the results which Dr. Baffes has reported. The operation 
which he is using is, of course, palliative in nature and not a complete repair. We have use 
this technique in 4 patients with fair or good results. One drawback, in my opinion, is tna 
the operation is complicated and technically difficult, particularly in small infants. 
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Our preference for most cyanotic transpositions is for the Blalock-Hanlon operation of 
creation of an interatrial septal defect. Tliis procedure is well tolerated by infants since the 
technique is simple and may be accomplished quickly. It avoids using a graft in the venous 
system which may be too small as the infant grows and is subject to the well-known thrombotic 
complications of grafts placed in the veins. The Blalock-Hanlon procedure does not eliminate 
the possibility of future total correction of the anomaly when a satisfactory technique is ulti¬ 
mately developed. 

(Slide) We have used the Blalock-Hanlon technique in 62 patients, most of whom were 
small infants, often in extremis from severe cyanosis. In the last 31 patients there were three 
deaths and results in the survivors were considered good or satisfactory in most. Unfortunately 
it is difficult to be completely objective in evaluating the results, but survival itself is a favor¬ 
able recommendation of the procedure. 

Finally, however, I would like to compliment Dr. Baffes on his outstanding contribution 
in treatment of this challenging lesion. 

DR. BAFFES (Closing).—Dr. Senning’s total correction procedure has a great deal of 
merit, because it is relatively simple. It can be done in about IS minutes, which is a remarkable 
thing. 

It has also another advantage, in that it has incomplete suture lines, which probably will 
provide for growth. We have talked this out many times, and it seems to us that three things 
must be done for the transposition complexes: 

1. Some kind of technical method must be developed to put the systemic and pulmonic 
circulations in series. Senning’s technique is an excellent one. Perhaps an arterial method will 
be developed in the future. 

2. The patient must be allowed to grow. We shouldn’t overlook that factor. 

3. The pulmonary hypertension must be accounted for and taken care of. It seems to 
me that possibly some type of banding procedure in combination with the Blalock-Hanlon might 
be a preliminary method in infant transpositions. 

I’d like to show you one method of total correction that we are thinking about. This 
method is a venous correction and tries to encompass all the factors just mentioned. 

(Slide) We have found that in total corrections there are two difficulties. Either both 
circulations are asked to cross an atrial septal defect which is almost impossible for them to 
do, or the atrial chambers are distorted in such a way that they impede the drainage of the 
pulmonary veins. The patients die of anoxia or edema a few hours after the operation 
although they get through the operation fairly well. 

In this procedure, the inferior vena cava is sutured directly to the left atrium while 
Ike pulmonary circulation is shunted through an atrial defect with an Ivalon patch. The 
superior vena cava is shunted directly through the right main pulmonary artery. I don’t know 
whether it’s going to work or not. We haven’t had the opportunity to try it yet. 



SURGICAL PALLIATION IN PATIENTS WITH EBSTEIN’S 
ANOMALY AND CONGENITAL HYPOPLASIA 
OF THE RIGHT VENTRICLE 

Milton Weinberg, Jr., AI.D. (by invitation), Juan P. Bicoff, M.D. 

(by invitation), Magnus II. Agustsson, AI.D. (by invitation), 

Zwi Steiger, AI.D. (by invitation), Benjamin AI. Gasttl, AI.D. 

(by invitation), Egbert H. Fell, AI.D., and Lawrence L. Latin, 

ALD. (by invitation), Chicago, III. 


E bstein’s anomaly is an uncommon congenital malformation of the heart. 

presumably caused by an arrest in t lie development and positioning of the 
tricuspid valve. The valve leaflets are attached near the midportion of the right 
ventricle, reducing the capacity of the ventricle to a varying degree. Ihe ex ' 
eluded segment of right ventricle usually takes on the thin-walled and dis 
tensiblc characteristics of the adjacent right atrium. The resulting small ven¬ 
tricular chamber is, in effect, an area of resistance to right atrial emptying 
reflected in the atrium by distention, hypertrophy, and elevation of pressuic. 
These responses, basic to Ebstein’s anomaly, arc identical to those of the v® 1 .' 
i are isolated hypoplasia of the right ventricle. There is an interatrial eom 
munication in approximately one half of the cases of Ebstein’s anomaly, either 
a patent foramen ovale or an atrial septal defect, through which rig'ht-to-k 
shunting of blood may take place. The displaced tricuspid valve may function 
normally or may be incompetent. In the occasional patient with minimal ie 
duction of right ventricular volume, no symptoms are present and the paticn 
may have a normal life expectancy. In most cases, however, symptoms a 
present in childhood, or even in infancy, and are progressive. The majority 
of the patients will eventually become cyanotic, because of right-to-lcft shunting 
at the atrial level or chronic congestive heart failure, and death usually occurs 
in the first or second decade of life. 

During the past year we reported a case of congenital hypoplasia of the 
right ventricle with an associated atrial septal defect in which a superior vena 
cava-distal right main pulmonary artery (SVC-RPA) anastomosis " as 
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performed. 1 This procedure, which had been suggested several years ago bj 
Glenn 2 ’ 3 for palliation in Ebstein's anomaly, reduces blood flow to the light 
atrium by approximately 35 per cent, and thereby seemed to be ideally suited 
to relieve the right atrial distention and pressure elevation. Similar anasto¬ 
moses have been performed in 3 patients with Ebstein’s anomaly, 2 of whom 
were briefly mentioned in an addendum to the initial rep ox t. 



A. 


b. 


Ei g. 1 .—Case 1. A and B, 
nom superior vena cava directly 
tomosis. 


Angiocardiograms whlcli demonstrate flow of opaque medium 
into right main pulmonary artery through end-to-end anas- 


CASE REPORTS 

Case 1 . —A 4-year-old cyanotic child was admitted to the Cook County Hospital on 
, March 26, 1939, with a history of a previous admission at the age of 2 in congestive 
heart failure. The child was small and thin, dyspnea and fatigue were noted on exercise, and 
clubbing of the nail beds was present. The clinical and accessory laboratory findings, in¬ 
cluding angiocardiography and cardiac catheterization, demonstrated enlargement and hyper¬ 
trophy of the right atrium, a mean right atrial pressure of 7 mm. Ilg, and a mixed shunt 
at the atrial level, predominantly right-to-left. The peripheral arterial oxygen saturation 
' "as SO.G per cent of capacity. A diagnosis of Ebstein’s anomaly was considered, but no 
displacement of the tricuspid valve could be demonstrated. 

An exploratory operation was performed on June 19, 1959, with a probable diagnosis 
k tricuspid stenosis. The operative findings confirmed the presence of an atrial septal defect, 
; and, combined with the preoperativc data, suggested a diagnosis of hypoplasia of the right 
'entricle. The performance of a SVC-RPA anastomosis was considered at this time, but the 
sternal splitting incision, in the opinion of the surgeon, did not permit adequate access to the 
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vessels. The child was allowed to recover from the operation, and on July 17, 1959, was re 
explored through a right anterolateral incision in the fourth intercostal space. An emlto 
end S\ C-RPA anastomosis was performed without difficulty, during a 12-minute period of 
superior vena caval occlusion (Fig. 1). At the operating table, a marked decrease in right 
atrial distention was observed, and pressures recorded in the right atrium fell from a preshunt 
mean level of S mm. Ilg to 0 after completion of the anastomosis (Fig. 2). The atrial septal 


12 


Before S.7.C.- 
Anastoaosis. 


E.P.A. 




After S.7.C.- E.P.A. 
Anastoaosis. 



Big. -•—Case 1. Right ntiinl pressures recorded during surgery, with chest open, before an! 

after SVC-RPA anastomosis. 


Fig. 3.—Case 1. 



Right atrial pressures recorded at cardiac catheterization 
months after SVC-RPA anastomosis. 


before and 


defect was not closed, since it nas thought that an additional site of decomprBSSio^ 
be desirable with growth of the child. Recovery was uneventful, and, on discharge 
findings were compatible with a reduction of right atrial pressure. toniad c 

The child was readmitted 3 months after operation for repeat studies. Symp ^ 

improvement was evident, with increasing exercise tolerance, a definite gain in p' 1 !- 1 t0 
mental development, and disappearance of the cyanosis. Heart size, however, was si 
that of the preoperative size as shown on x-ray studies of the chest, and the electrocar o ^ 
demonstrated similar evidences of right atrial hypertrophy. On cardiac catheteriza i i 
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mean right atrial pressure was 4 mm, Hg, the peripheral arterial oxygen saturation was S9.4 
per cent of capacity, and a clearly predominant left-to-right shunt at the atrial level was 
demonstrated (Pig. 3 and Table I). 


Table I. Case 1. Pertinent: Physiologic Data, Betof.e and After SVC-EPA Anastomosis 



PREOPERATIVE 

POSTOPERATIVE 
(2 MONTHS) 

Bight atrial pressure fmean; 

7 nun. Hg 

4 mm. Hg 

Peripheral arterial 0. saturation 

S0.6<~c 

S9.4# 

Puhnonarv blood flow 

4.25 L./min./M.- 

6.77 L./min./MT 

Systemic blood flovr 

5.09 L./min. 'M.- 

4.35 L./niin./MA 



-t. B. 

alter «vv'' S T>N9 ase 1 A and B, Roentgenograms of the chest taken before and 9 months 
failure, anastomosis Film of April 15. 1960. was taken with child m congestive heart 

Approximately 9 months after operation, she was again admitted to the hospital, showing 
S1 r n s of congestive heart failure with cardiac enlargement evident on x-ray studies. Cardiac 
^ atgement has persisted (Fig. 4), even though she responded promptly to digitalization 
" u disappearance of the other signs of congestive heart failure. At the present time, 
-ymptomatic and developmental improvement over her preoperative status is still evident, and 
s -e remains acyanotic. Closure of the atrial septal defect in this child is being considered. 

July o ASE 2 -~ A 14 '- vear ‘ old chli d was admitted to the Presbyterian-St. Luke's Hospital on 
The v’n 1959 ’ Wlth a hlstoiy of I ,r0 S ressive dyspnea and cyanosis on minimal exertion. 
B J , a ppeared chronically ill, physical activity was markedly limited, the heart was 
' Enlar p d ’ and the P uIse was S r °ssh irregular. The physical and laboratorv 
vho-eT Were dla 5 nostic of Ebstein's anomaly. Cardiac catheterization performed in ]O50 
of the tricuspid vafve atrial Pre5SUre ° f 16 H » and demonstrated the displacement 

qri„Tio end ' t0 ; ead SVC ' EPA anastomosis was performed on July 29, 1959, which re- 
i- minutes of superior vena caval occlusion. A significant lowering of right atrial 
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pressure was recorded following completion of the anastomosis. Immediately after opera¬ 
tion, peteeliiao were noted over tlic face and neck. Within another 12 hours the child 
was disoriented and the rectal temperature was 105.2 F. The fever was controlled with 
hypothermia blankets for -IS hours, after which the temperature stabilized near normal 
levels and the disorientation cleared. On the fourth postoperative day, however, the child 
died following a rapidly progressive episode of dyspnea, cyanosis, and vascular collapse. 

An autopsy demonstrated the characteristic displacement of the tricuspid valve, a 
patent foramen ovale, and a thrombus in the proximal stump of the right main pulmonary 
artery, propagating to occlude the left main pulmonary artery. 



A. B. 

FIS'- 5—Case 3. A and B, Angiocardiograms which demonstrate flow of atrium 

through side-to-end SVC-RPA anastomosis. The right pulmonary veins anu u 
are also faintly opacified. 


Case 3.—An S-year-old child with a diagnosis of Ebstein’s anomaly, esta ^ 
a previous hospital admission, was admitted to the Cook County Hospital on Ju - “ ’ en t. 
There were symptoms of exertional fatigue and dyspnea, but cyanosis was no 
Preoperative catheterization data demonstrated no significant intracardiac^^ ^ roffl 
although an interatrial communication was demonstrated by passage of the ca i 
the right to the left atrium. The mean right atrial pressure urns 8 mm. Hg. ^ 

On July 30, 1959, a side-to-end SVC-RPA anastomosis was performed ( ^ j| ie 
no time was the blood flow from the superior vena cava interrupted. Improve reBSe j 
right atrial distention was apparent, and pressures recorded in the right atrium ven j. 
significantly after completion of the shunt. The child’s postoperative course v as 

fuh alU l x-ray 

Two months after operation, the child was improved symptomatican., 
studies showed a decrease in heart size (Fig. G). The electrocardiograms were u 
in regard to evidence of right atrial hypertrophy. 



5-7-50 


c. 
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On admission for res (tidy G months nffer operation, intprovemcnf in (he preoperative 
symptoms wns again noted. ITe.'irt size was increased, however, almost to its preoperative 
dimensions and, on cardiac catheterization, the right atrial pressure was essentially the 
snmo as before operation (Fig. 7). A significant left-to-right shunt at the atrial level 
was demonstrated. Closure of the atria! septal defect is also being considered in this 
child. 

Case d.—An IS-ycnr-old male wns admitted to the Presbyterian-St. Luke’s Hospital 
on Feb. 9, 10G0, with n history of progressive exertional dyspnea and fatigue and signifi¬ 
cant retardation of growth and development. Clinical findings were consistent with a 
diagnosis of Ebstein’s anomaly. Cardiac catheterization data obtained on this patient 
from another hospital demonstrated an elevation of right atrial pressure, with a mean 
of S mm. Ilg, and confirmed the displacement of the tricuspid valve. Peripheral arterial 
oxygon saturation was normal, and no evidences of an interatrial communication were 
found. 



similar pressure-pulse contours. 

A side-to-end SVC-RPA anastomosis was performed on Feb. IS, 19G0, v ^ ( |'” cr oKse in 
ruption of blood flow from the superior vena cava. At the operating tabic, a ^ # ff Cr 
right atrial distention wns noted, and a decrease in right atrial pressuro was r ®°° tnnera t; v e 


blood ws s 

dual 


completion of the anastomosis. The patient was discharged on tho tenth pos 0 
day after an uneventful course. 

He was readmitted 2 weeks later with a massive right hemothorax. g tai 

removed by thoracentesis and did not reaccumulate. He has since been well, T '’ 1 ^ un . 

improvement in exercise tolerance over his preoperative status. The heart size gn 
changed according to roentgenograms made 2 weeks after clearing of the ie ™ ^ f ro m 
interval too short to allow accurate evaluation. The electrocardiogram is unc 
its preoperative appearance. He is to bo restudied within the next severs 


DISCUSSION 


The experience reported here, although obviously limited, has P 01I1 ^ offe( | 
to us certain features of the technical conduct of the operation, and ias ^ 
us to draw a few conclusions in regard to the influence of the shunt up 
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hemodynamics of these anomalies. In regal'd to the performance of the pro¬ 
cedure. we are particularly indebted to Dr. William Glenn of Yale University 
for his personal communications to ns. confirming some of our own observations, 
and addins: others resulting from his considerably greater laboratory and 
clinical experience with the procedure. 

Performance of either an end-to-end or side-to-end superior vena eava- 
distal right main p ulm onary artery anastomosis is not a difficult procedure, and 
has been described by Glenn. 2 - 3 Bobiesek and Sanger. 6 and othersP along with an 
adequate physiologic background, so that no repetition of these details is neces¬ 
sary here. We have used only a right anterolateral thoracotomy and would 



-c. _ 

J— A. and B, Angiocardiograms which show end-to-end anastomoses of superior \ena 

right main pulmonary arterv m 7-month-old infant with tricuspid atresia. 
‘y >a &ovr mto right lung appears adequate, but stricture at site of anastomosis is apparent, 
-i mi ant had progressi\e signs of superior vena ca\al obstruction. 


Preter this approach. Others, howeter. have found a sternal splitting incision 
satisfactory and perhaps even preferable in their hands. 1 We are emphatic 
>it our opinion that the end-to-end anastomosis, requiring a period of occlusion 
01 the superior vena cava, should not be done. It is our impression from post¬ 
operative angiocardiographic studies that stricture formation at the site of 
anastomosis is more likely to occur with the end-to-end technique, as demon- 
Yrated in 1 patient with tricuspid atresia in whom progressive signs of superior 
'ena cava obstruction developed o\er a 2-month postoperathe interval (Fie. SI. 
ore impressivelyythe peteehiae and evidences of brain injury exhibited by one 
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child (Case 2) in the immediate postoperative period indicate that even short 
intervals of superior vena eaval occlusion, 12 minutes in this instance, may be 
poorly tolerated occasionally. The sidc-to-end anastomosis may be performed 
without interruption of superior caval flow and has the added advantage of easy 
adaptation to a discrepancy in the transverse diameters of the two vessels to be 
joined together. 

The effectiveness of the shunt in achieving palliation in these patients is 
still open to question, despite the disappearance of cyanosis and developmental 
gains in one child (Case 1) and the symptomatic improvement in all of the 
surviving patients. There has been a significant elevation of peripheral arterial 
oxygen saturation in the previously cyanotic child but, in each of the patients 
recathcterized, right atrial pressures have returned to or near their preoperatne 
levels, and the electrocardiograms continue to show marked right atrial hyper- 
tropliy. Distention of the right atrium persists on the angiocardiogram. The 
catheterization data indicate that the increments of blood removed from the light 
atrium by the shunt have been replaced by blood flow through the atrial septa 
defect from the left atrium. It would seem to be a reasonable assumption tha 
closure of the atrial septal defect is indicated in these patients and, in the future 
cases, should accompany performance of the anastomosis. 

Despite the fact that our data is as yet inconclusive, the apparent ph}® 0 " 
logic soundness of this procedure, as it applies to Ebstein’s anomaly and iyp 
plasia of the right ventricle, is such that further clinical trial is justi c m 
carefully selected patients with severe and progressive symptoms in w mm 
other form of treatment is effective. 


SUMMARY 

Case reports are presented of 1 patient with congenital hypoplasia ^ 

right ventricle and 3 patients with Ebstein’s anomaly, in whom supenoi ^ 

cava-distal right main pulmonary artery anastomoses were performed. 

patients a decrease in right atrial pressure was recorded at the operating 

Symptomatic improvement has been achieved in the 3 surviving patientea^ 

in 1 child who was cyanotic before operation, cyanosis is now absent. 

2 children studied by cardiac catheterization before and after operation, 1 

atrial pressures have returned to or near the preoperative levels, due to 

to-right shunting through atrial septal defects. . 

p »cince 

A side-to-end rather than an end-to-end anastomosis is pretcrieu, 
latter technique requires temporary occlusion of the superior vena caia, 
ing the patient to the possibility of cerebral injury. Stricture formation a 
site of anastomosis may be more likely with the end-to-end anastomosis. ^ 

Follow-up studies are incomplete, but further clinical trial of the sup^ ^ 
vena cava-distal right main pulmonary artery anastomosis, accompa ^ 
closure of the atrial septal defect when that additional anomaly isJoin's 
appears justified in severely disabled or deteriorating patients with ' )S 
anomaly or hypoplasia of the right ventricle. 
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Discussion 

DE AYILLIASI AY. L. GLENN, New Haven, Conn —As pointed out m our initial report 
on the vena cava pulmonary artery procedure, this type of shunt as shown m the first slide 
(=lide) is applicable to any condition characterized by malfunction of the right side of the 
heart, provided there is no obstruction to flow through the shunt, due either to anastomosis 
that is too small or an increased pulmonary arterial resistance 

AYe have now employed the caval pulmonaiy artery- procedure in 6 patients. The first 
of these patients is now more than 2 years postoperative 

Tlus sbde demonstrates the condition of these patients pre and postoperative. All pa 
ticnts are markedly benefited by the procedure, corresponding to the increased arterial oxygen 
saturation The 2 patients with tricuspid atresia were both infants The 2 patients with 
tetralogy of Fallot deserve special mention AYe believe that the Blalock or Potts procedure 
15 entirely satisfactory m the young patient and that the corrective procedure is indicated m 
the older patient. However, these 2 patients had unusual conditions compheating the tetralogy 
of Fallot One patient was a 41 year old woman with congenital complete heart block and 
the second was a 6 year old child with multiple constrictions of the pulmonary artery, clearlv 
'hown m the preoperative angiocardiogram No further procedure is contemplated in either 
patient at the present tune, although if a corrective procedure were decided on at a later date, 
>t would not be necessary to m any way disturb the vena cava pulmonary artery shunt. 

Tins procedure is a satisfactory one for several reasons First, it provides for the direct 
delivery of venous blood to the lungs, second, the woik of the left side of the heart is not in 
creased, and third, the work of the right side of the heart is lessened 

A\ e are very appreciative of Dr AA einberg’s demonstration that if the atrial defect is left 
°I'en in the treatment of Ebstein's anomaly with the vena cava pulmonary artery procedure, 
0ne may then change a predominantly right to left shunt to a left to right shunt. AYe have 
patient with Ebstein’s anomaly whose mayor shunt is predominantly left to right, but in 
mo 5 t of these patients it is right to left 

DIt FREDERICK H. TAYLOE, Charlotte, N C —AA T e certainly enyoy ed Dr. AYeinberg's 
Presentation very much—primarily, I suppose, because we agree with him, in that we feel that 
us is the operation of choice for tricuspid atresia 

p 0ur Sroup m Charlotte has been interested in this operation since 1954, when Dr 
^ described it. AA’e believe it can be extended beyond these criteria noted by Dr. AYein 
"rg, such as in certain tetralogies in the very young who are quite cyanotic It is simple in 
■at no pump system is required 

^''de) This IS a case of a boy who had transposition with pulmonary stenosis. (Slide) 
ms the P r00 P cr atnc angiogram and the postoperative angiogram, which show the increased 
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vascularity from this anastomosis. This child, 2 years postoperatively, has obliged ns by 
standing on his head for prolonged periods of time, and lias shown good flow from the stipenor 
eaval drainage. (Laughter) 

This slide simply shows the increase in venous pressure during temporary occlusion of tie 
vena cava for anastomosis and a return not to base line but a slightly elevated lei el. IVedo 
the end-to-end anastomosis, leaving the azygos vein open until the anastomosis is completed 
and then divide the azygos vein. 

DR. WEINBERG (Closing).—I would like to thank Dr. Glenn and Dr. Taylor for their 
remarks, as well as for their original work, which helped us to formulate the therapy in the-e 
patients. 



MYOCARDIAL INFARCTION IN INFANCY 


The Surgical Management of a Complication of Congenital Origin 
of the Left Coronary Artery From the Pulmonary Artery 

David C. Sabiston, Jr.. M.D.* Salvatore Pelargonio. AI.D. (by invitation), and 
Helen B. Taussig. AI.D. (by invitation), Baltimore. Aid. 

M yocardial infarction in infancy is an unco mm on condition but is being 
recognized during lif e with increasing frequency. In the majority of in¬ 
stances this finding is the result of a congenital lesion in which the left coronary 
artery arises from the pulmonary alter}'. In 1911, Abrikossoff 1 described the 
first case of this type and. recently, Keith 2 has reported a group of cases together 
irith over 50 additional ones from the literature. In tins malformation the left 
coronary artery arises from the pulmonary artery, a vessel wliich contains blood 
of diminished oxygen saturation and of low pressure. Infarction of the left 
ventricle usually occurs within the first several months of life and is associated 
vith an extremely high mortality. Previous discussions of this subject in the 
literature have directed attention to the dynamics of blood flow in the anomalous 
left coronary artery and to the pathogenesis of the myocardial infarction which 
characteristically occurs. These points, as well as the therapeutic approach to 
Ibis problem, have remained controversial. The purpose of this communication 
rs to present a review of the clinical and pathologic findings in 12 patients with 
lliis condition. In tliis group of patients, investigative studies have been per¬ 
formed on postmortem specimens and at the time of operation. Particular at¬ 
tempts have been made to determine the anatomic features of the left and right 
coronary arteries and the collateral vessels between them. Injection and per¬ 
fusion studies were done in an effort to determine the direction of blood flow in 
Hie anomalous coronary artery, and arterial pressure and oxygen saturation 
determinations were done to establish (conclusively) this point. These findings 
mi e been utilized in an attempt to formulate a rational approach to the therapy 
°f this condition. 


CLINICAL DIAGNOSIS 


In the majority of infants with anomalous origin of the left coronary artery 
trom th e pulmonary artery, the physical examination at birth is essentially nor- 
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nwl mid the child continues without evidence of a serious malformation for the 
first several weeks of life. Nevertheless, symptoms may appear at birth in a 
small number with rapid progression. In the present series, 2 infants were 
symptomatic at birth and all infants were ill by the age of 3 months. 

Symptoms .—In most instances the first abnormality noted is rapid and 
difficult respiration. This may progress to wheezing, coughing, and panting. 
In the more severe eases, cyanosis is present. It has also been noted that some 
infants show evidence of anginal pain, particularly during and after feeding- 
Often vomiting occurs and attacks of sweating, pallor, and dyspnea are a char¬ 
acteristic feature of this malformation. In many instances a history of recurrent 
respiratory infections is obtained. Such infections tend to become more severe 
and more refractory to treatment with succeeding attacks. 

Physical Findings. — On examination the infant may appear either acutely 
or ehronicalh- ill. Respiratory difficulty is usually prominent with a rapid rate 
and use of (he accessory muscles. Moist rales may be present and cyanosis 
the lips and nail beds may accompany the more severe eases. Examination 
the chest reveals marked cardiac enlargement. In most instances no inunnur 
is audible, although a systolic murmur is at times heard over the P MC01 r<m. 
particularly along (he left sternal border. It should be noted that associa^ 
intracardiac defects may he present, and under these circumstances the murta 
characteristic of the cardiac defect is heard. Enlargement of the l nel 
consistent finding and the spleen is often palpable. In a small group 
the presenting picture may be that of shock associated with the findings o ae ' 
myocardial infarction. Marked tachycardia, hypotension, and pevipheia va 
lar collapse characterize this form of the condition. 

Fluoroscopy and Chest Film .—The heart is massively enlarged bnoh = 
chiefly the left atrium and left ventricle. The left cardiac border bequei^ 
extends to the lateral rib margin and the pulsations of the left ventrice ^ 
markedly diminished (Pig. 1, A and B). The pulmonary vascular mai un a s > 


often increased. 


Electrocardiogram .—The electrocardiogram is usually characteristic, 
the changes closely simulate those associated with myocardial infarction 
adult. The heart rate is rapid. In the standard leads, Ti and T = aie 
inverted and the S-T segment in Lead I is slightly raised. The T naves ^ 
precordial leads V 5 and Y c are usually inverted and deep Q waves 


present. Additional changes may be present and these findings are 


reviewed in a recent publication by Keith. 2 ^ 

Angiocardiography .—Injection of radiopaque dye into the right ^ 
demonstrates a normal right atrium and right ventricle. The ptdnionart^^ 
larity may be slightly increased, but the striking feature is the massive ‘ ^ 
merit of the left atrium and left ventricle. The latter is usually treroen cm^ 
has a veiy thin wall. The contrast medium may linger for a prolonged 
the left heart, indicating a sluggish circulation secondary to a failing , [ie 
tricle. It is rare for tlie anomalous left coronary artery to be filled r 


pulmonary artery during angiocardiography (Pig. 1, C). 
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Aortography .—The injection of dye directly into the aorta "with filling of 
the proximal aorta usually demonstrates the right coronary artery with a normal 
' origin. This vessel is often larger than normal and a communication by col¬ 
lateral vessels with the left coronary artery may be clearly demonstrated as has 
been shown by Morrow and associates. 3 




Vnr l.— l. Chest film which illustrates marked cardiac enlargement with extension of left 
«rJiac border to the axillae.- line Lateral Mew of A. C. -Ingiocardiogram uhich demon 
aTMi tts n } arkcd enlargement of the left \entricle The dje can be seen to extend almost to the 
“illarx line, indicating that the left tentncular wall is quite thin almost to the 


Cardiac Catheterization .—There are few reports of cardiae catheterization 
available in patients with anomalous origin of the left coronary artery from the 
Pulmonary artery. lionet er, in those described, some of the findings include: 
U) a low mixed venous saturation in flic right heart. (2) elevation of the pul¬ 
monary arterial pressure, and (3) elevation of the pulmonary wedge pressure 
The changes essentially represent left ventricular failure. 1 
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A diagnosis of anomalous origin of the left coronary artery from the pulmonary 
artery with left ventricular myocardial infarction was made, and the child was digitalized. 
An improved flow of oxygenated blood through the anomalous coronary artery by means of 
a pulmonary-aortic anastomosis was attempted but was unsuccessful, and the child died 
ono hour after operation. At autopsy, an anomalous left coronary artery arising from, 
the pulmonary artery was found. Massive scarring with focal calcification was present 
in tho left ventricle and in the interventricular septum. 


Case S. —This 2-month-old female was admitted with a history of difficult breathing 
and vomiting. On physical examination the respiratory rate was CO and the infant was 
obviously acutely ill and appeared to be in peripheral vascular collapse. The heart was 
markedly enlarged. No murmurs were heard. A gallop rhythm was present. The liver was 
palpated 3 cm. below the right costal margin. The blood pressure was repeatedly found 
to be quite low, with a maximum of SO min. Hg systolic being obtained. The child s 
condition was critical and the hypotension persisted. 



Fig. 2.— A, Chest film which shows marked cardiac enlargement (Case 11)- j irt \ e 

B, Injection of heart shown in chest film at postmortem examination. Cann coronar} - 
been placed in the right coronary and left coronary arteries. The cannula in tne 1 t[]e r iclit 
artery extends into the anterior descending branch. Diodrast was injectea i“ .jj 0 f the 
coronary artery and communications between it and the left coronary artery wiin u u | mon an’ 
anterior descending and circumflex brandies is easily seen The dye appeared m me *; j e ft 
artery at the orifice of the anomalous left coronary artery. It is interesting i 
coronary arterial system filled prior to entry of the dye into the venous system. 


Electrocardiogram: Sinus rhythm with rate of 1G0. S-T segments elevate 

V 0 , and V,. T waves inverted in Lead I and V e . Q wave present in Lead I and 

The infant was placed in oxygen and given digitalis. It was necessary ^ 

an intravenous infusion of metaraminol bitartrate (Aramine). The arterial pressure ^ 
from 70/30 to 90/70 mm. Hg with a concomitant improvement in the general app ■ 

On several occasions an attempt was made to discontinue the intravenous admin ^ 

of vasopressor but, in each instance, the blood pressure promptly fell to s>o ^ 

Increasing amounts of Aramine became necessary in order to maintain the arterin P 
and it was decided that the condition was hopeless unless a surgical procedure co ^ 
benefit. Accordingly, one week following admission, the left chest was °P eilf "* 
heart was found to be massively enlarged with infarction of the left ventricle. 1 ^ 

blood pressure fell to unrecordable levels accompanied by a marked bradycardia- 
apparent that the situation was desperate. However, the left coronary artery WSS {I ^"j, ea rt 
and was found to arise from the left pulmonary artery. It was ligated and ^ 
action became improved temporarily, but the heartbeat ceased shortly thereafter 
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not be resuscitated. Postmortem examination revealed an anomalous left coronary artery- 
arising from the pulmonary artery with infarction of left ventricle (Pig. ) ■ 

Case 9. —This 2-month-old infant was admitted with a history of difficult respirations 
and with a feeding problem. An examination at the end of the first month of life was said 
to be normal. At the age of 6 weeks the child suddenly became dyspneic while feeding. On 
examination the heart was enlarged to the anterior axillary line and the sounds were distant. 
A Grade 2, slightly harsh systolic murmur was heard along the left sternal border and 
radiated over the precordium. The liver was palpable 1.5 cm. below the right costal margin, 
and the spleen was felt 2 cm. below the left costal margin. 


R.coronary a. 

\ Aorlia. 

\ ! 



corrm?"A'„ 3 V— vl . Specimen obtained at the time or postmortem examination (Case 8) The left 

U,e PUlm ° nary artcry - T1 ' e Elated 1 Yen 6 vUtrlSeVfth 

and A- Dl d cr ?, mmatlc Illustration of blood (low In tire anomalous left coronary artori- Were 
V^.fd'cr lh-ation at its origin. Prior to ligation the blood flowed from th? aorta, under 

pressure (with complete oxygen saturation) into the right corona™ n So™ 1 li 
flta collateral vessels Into the left coronary artery with ultimate drainace^n’ta fiR cr> ,, aI ’d 
orho ar Jcry in a retrograde manner. Following- ligation of the anomalous ie£ i 5 . t ie PUlmo- 
brno",* tllc arterial blood from the right coronary artery Is dlreS nS,.', 0 ?? at lts 
branches ot the left coronary artery where it reaches th? myotardtal )nto the 
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Electrocardiogram: Sinus rhythm with rate of 140 QRS duration 005 Deep Q waves 
m Lead I, aV n , aVr., V<, and V t . S-T segment elevation in V e and V e T waves averted 
in V e and V c . 

Fluoroscopy and chest films revealed marked cardiomegaly. A cine angiocardiogram 
(taken at tho Memorial Ilospital of the University of North Carolina) revealed a small right 
heart with a massively dilated left ventricle The left ventricular wall was thin and pnka 
tions were barely discernible There was no evidence of filling of the left coronary artery 
from tho pulmonary artery. A diagnosis of anomalous origin of the left coronary artery 
from the pulmonary artery with myocardial infarction was made. 

At thoracotomy the heart was found to be massively enlarged. There was a large infarct 
on the anterolateral surface of the left ventricle. The pulsations in this region were para 
doxical and the myocardium quite thin (Tig. 4, A). The left coronary artery arose from the 
pulmonary artery. It was dissected at its origin and was found to be of normal size Its an 
tenor descending and circumflex branches were visualized (rig. 4, B). The mean prepare in 
the left coronary artery was measured and found to bo 30 mm. Hg (Fig 6, ^)- arf< ™ 
clamp was then applied to tho artery at its origin from the pulmonary artery and the pressures 
in the left coronary artery were again measured With occlusion of the left coronary at i s 
origin, the pressure distal to the clamp was 75 mm. Ilg A simultaneous mean pressure m t ® 
pulmonary artery was 25 mm Ilg Blood drawn from the anomalous left coronary artery or 



Fig- 4 — A, Photograph of heart at the time of operation The area of _' rl / arc t t ,j" n iKat of 
left ventricle is seen This portion of the ventricle contracted paradoxical!} vim 
the heart t ry at ip 

B, Photograph which illustrates operative dissection of the left coronary subsequently 
origin from the pulmonary artery Two ligatures aie shown and a third was 'tenor de- 
placed The vessel was ligated at its origin proximal to the branching or rue 
scending and circumflex branches 

Ip from 

oxygen content was found to be 100 per cent saturated while a simultaneous samp ^ 

pulmonary artery was found to have a saturation of 76 per cent (Fig 6, B). These 0 ^ 

tions demonstrated conclusively that blood flow m the anomalous coronary artery wasi te( j 
grade into the pulmonary artery (Fig 3, B). The anomalous left coronary was the ” n ^‘ COB 
close to the pulmonary artery with three silk sutures The pericardium was removed & ^ 

centrated phenol (88 per cent) was applied to the entire surface of the upper epic 
Postoperatively the child made an uneventful recovery. .. ^jg 

A recent report from the attending cardiologist, approximately one year 0 ^ 

operation, states that the child is developing normally. The electrocardiogram s oV 
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evidence of myocardial ischemia and the heart is somewhat smaller on the chest film. The 
child is essentially asymptomatic. 4 

Case 10.—This 3-month-old Negro female was admitted with a history of difficult 
breathing which was first noted at the age of 6 weeks. Shortly thereafter a cough appeared 
and the dyspnea became more pronounced. On examination the child was acutely ill with a 
respiratory rate of 70. The cardiac sounds were of poor quality and no murmurs were 
heard. Fluoroscopic examination and chest films revealed a markedly enlarged heart, chiefly 
involving the left ventricle. 

Electrocardiogram: Sinus tachycardia with rate of 180. Q wave in Lead I with in¬ 
version T waves in Leads I, II, and HI. T naves in V, and V, upright. T waves in V 0 and 
V, inverted. 

An angiocardiogram showed normal filling of the right atrium and right ventricle. The 
left ventricle was greatly dilated. A diagnosis of anomalous origin of the left coronary 
artery from the pulmonary artery was made and operation was elected. 

On Feb. 17, 1958, a left thoracotomy was performed. The left ventricle was markedly 
enlarged and an obvious infarct was present on the anterolateral nail. Here the myocardium 
was scarred and thin, and this area contracted paradoxically. The pressure in the left 
rentricle nas found to be 120/40 mm. Hg. The marked elevation in diastolic pressure was 
impressive and reflected the failing left ventricle. The pericardium was excised and concen¬ 
trated phenol (88 per cent) was applied to the entire surface of the epicardium. The thymus 
gland and fatty tissue in the mediastinum was sutured over the surface of the left ventricle. 
The postoperative course was entirely uneventful. 



Since discharge the child has had several attacks of upper respiratory infections, but 
° lcrnise has remained well. The cardiomegaly persists, as do changes in the electrocardio- 
emm, indicating myocardial ischemia. However, the cliild is considerably improved over 
me preoperative status. 

Q C ‘ VSE n-—This 3-montli-old Negro male was admitted with a history of marked dyspnea. 

tlie temperature was 39.0° C., pulse 200, and respirations 110. The blood 
R A\ UrC ( " as not obtainable. The infant was obviously acutely ill and almost moribund, 
heard v iStreSS " aS marked ' The hcart " as markedly enlarged. No murmurs were 
.. ‘ vcr " as palpable 3 cm. below the right costal margin. Fluoroscopic and x-rav 
-i Ion s “°wed a markedly and symmetrically enlarged heart (Fig. 2, A). 
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Electrocardiogram: Sinus rhythm with rate of 140. QBS duration. 0.05. Deep Q waves 
in Lead I, aV n , aV r- , V 4 , and V 5 . S-T segment elevation in V, and V e . T waves inverted 
in V, and Y«. 

Fluoroscopy and chest films revealed marked cardiomegaly. A cine-angiocardiogram 
(taken at the Memorial Hospital of the University of North Carolina) revealed a small right 
heart with a massively dilated left ventricle. The loft ventricular wall was thin and pulsa¬ 
tions were barely discernible. There was no evidence of filling of the left coronary artery 
from the pulmonary artery. A diagnosis of anomalous origin of the left coronary artery 
from the pulmonary artery with myocardial infarction was made. 

At thoracotomy the heart was found to be massively enlarged. There was a large infarct 
on the anterolateral surface of the left ventricle. The pulsations in this region were para¬ 
doxical and the myocardium quite thin (Fig. 4, A). The left coronary artery arose from the 
pulmonary artery. It was dissected at its origin and was found to be of normal size. Its an¬ 
terior descending and circumflex branches were visualized (Fig. 4, B). The mean pressure in 
the left coronary artery was measured and found to be 30 mm. Hg (Fig. 6, A). An arterial 
clamp was then applied to the artery at its origin from the pulmonary artery and the pressures 
in the left coronary artery were again measured. "With occlusion of the left coronary at its 
origin, the pressure distal to the clamp was 75 mm. Hg. A simultaneous mean pressure in the 
pulmonary artery was 25 mm. Hg. Blood drawn from the anomalous left coronary artery for 


Pulm.a. 



A - a f -Y/ 1 Vr 

/V.:-. Anojiy l.coronary c|. .„ 


Fig- 4.—A, Photograph of heart at the time of operation. The area of infarction 
left ventricle is seen. This portion of the ventricle contracted paradoxically with tne ^ 
the heart. ^ 

B, Photograph which illustrates operative dissection of the left coronary ar ‘HL„ently 
origin from the pulmonary artery. Two ligatures are shown and a third was siu»tn de . 
placed. The vessel was ligated at its origin proximal to the branching of the anieiw 
scending - and circumflex branches. 

oxygen content was found to be 100 per cent saturated while a simultaneous sample f rom ® 
pulmonary artery was found to have a saturation of 76 per cent (Fig. 6, B). These o se 
tions demonstrated conclusively that blood flow in the anomalous coronary artery was r 
grade into the pulmonary artery (Fig. 3, B). The anomalous left coronary was then 
close to the pulmonary artery with three silk sutures. The pericardium was removed and1 c0 
centrated phenol (88 per cent) was applied to the entire surface of the upper epicaro lU 
Postoperatively the child made an uneventful recovery. 

A recent report from the attending cardiologist, approximately one year f°ll°"^j 
operation, states that the child is developing normally. The electrocardiogram shows e - 3 
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evidence of myocardial ischemia ami the heart is somewhat smaller on the chest film. The 
child is essentially asymptomatic. 1 

Case 10.—This 3-month-old Negro female was admitted with a history of difficult 
breathing which was first noted at the age of 0 weeks. Shortly thereafter a cough appeared 
and the dyspnea became more pronounced. On examination the child was acutely ill with a 
respiratory rate of 70. The cardiac sounds were of poor quality and no murmurs were 
heard. Fluoroscopic examination and chest films revealed a markedly enlarged heart, chiefly 
involving the left ventricle. 

Electrocardiogram: Sinus tachycardia with rate of ISO. Q wave in Lead I with in¬ 
version T waves in Leads I, II, and III. T waves in V, and V, upright. T waves in V, and 
V, inverted. 

An angiocardiogram showed normal filling of the right atrium and right ventricle. The 
left ventricle was greatly dilated. A diagnosis of anomalous origin of the left coronary 
artery from the pulmonary artery was made and operation was elected. 

On Feb. 17, 195S, a left thoracotomy was performed. The left ventricle was markedly 
enlarged and an obvious infarct was present on the anterolateral wall. Ilerc the myocardium 
was scarred and thin, and this area contracted paradoxically. The pressure in the left 
ventricle was found to be 120/40 mm. Ilg. The marked elevation in diastolic pressure was 
impressive and reflected the failing left ventricle. The pericardium was excised and concen¬ 
trated phenol (SS per cent) was applied to the entire surface of the cpicardium. The thymus 
gland and fatty tissue in tho mediastinum was sutured over the surface of the left ventricle. 
The postoperative course was entirely uneventful. 



carm.SF. 5 — A ‘ Photomicrograph ot section from the right ventricle (Case 11). The mvo- 
lh " m Is completely normal There is no evidence of scarring. 

Pa |., n ®’ Photomicrograph of section from the left ventricle in Case 11. Marked fibrosis nnd 
m^unng n 4cm “ tafc” 1 "' 1 ' m th ‘ S ar ° a "' as qu,te thm and the ofaninfarctmn 


Since discharge tho child has had several attacks of upper respiratory infections, but 
o herwise has remained well. The cardiomegaly persists, as do changes in the electrocardio¬ 
gram, indicating myocardial ischemia. However, the child is considerably improved over 
the preoperative status. 


Case 11.—This 3-month-old Negro male was admitted with a history of marked dyspnea 
n examination the temperature was 39.0° C., pulse 200, and respirations 110. The blood 
Rcsnirat WaS , not obtaiaabla - Tba infa «t was obviously acutely ill and almost moribund, 
heard T^el was “«**»• The heart was markedly enlarged. No murmurs were 

exam- r 1 ! TCr "' as P al P abl ° 3 cm - below the right costal margin. Fluoroscopic and x-ray 
motion showed a markedly and symmetrically enlarged heart (Fig. 2, A). ' 
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Electtocaidioguim: Sums tachycardia with rate of 170. S-T segment elevated m 
V, ancl V, T waves inverted in V. nnd V« 

Tlio infant was placed in oxygon and digitahrcd which produced considerable improve 
moat. The child was later discharged hut jeadmission was necessary because of the reap 
pearance of cardiac failure. An angiocardiogram demonstrated a small nght atnum and 
right ventricle. The dye passed freely through the pulmonary circulation into a large left 
ventricle with a very thin wall. A diagnosis of anomalous origin of the loft coronary artery 
from the pulmonary artery was established. 

On Sept 10, 1050, a left thoracotomy was performed. At this time the child was S 
months of age Imined lately upon opening the pericardium the heart entered ventricular 
fibrillation and it was noun possible to restore a normal beat. The anterior surface of the 
loft ventricle was involved in a massive infarct with a thin, fibrous wall Postmortem ev 
animation revealed an anomalous left coronary artery arising from the pulmonary artery and 
a large left ventricular infarct (Tigs. 2, It, and 5). 

Case 12—This female infant was admitted with the history of easy fatigability aid 
difficulty during feeding. Labored respiration and a cough had also been noted On f-s 
animation the bps and nail bods uere cyanotic. The heart was mnrhedly enlarged and no 
murmurs were heard Fluoroscopic examination and chest films revealed a markedly enargo 
heart 



Vpft. coronarl 

Fig- fi — A, Diagrammatic illustration of tile pressure in an anomalous lei o( the 
aiterv The mean pressure in tiiis vessel was found to be 30 mm Hg ' , ’ etnlic pressure 
vessel at its ongin from the pulnvonaiv arterv with an arterial clamp, the s > s v u „- wtn Hg 
rose to 75 mm Hg A simultaneous mean piessure in the pulmonary artery was - , er j pas 
These detei ruinations demonstrate that the blood in the anomalous left coronary 
supplied by the i ight coronary ai tery through anastomotic collateral channels ] e ft 

B, Diagiammatic illustration of deteimination of oxygen saturation in apTmf,,cr cent 
coronary arteiy Blood withdrawn fiom this vessel had an oxygen saturation oi o£ ^ per 
while a simultaneous sample from the pulmonary artery had an oxygen saturaup" . an se 
cent These figures indicate that the blood in the anomalous coronary artery on 
from the pulmonary artery, but is supplied fiom tbe right coronary aitery’ 

Electiocaidiogiam: Sinus tachycardia with rale of ISO. ST segment elevated 
and T waves inverted in V„ V„ and V 0 . Q waves m V„ V 3) and V, ^ yj ie 

An angiocardiogram demonstrated a tremendous left ventricle with a thin wa ^ ^ 
left ventricular contraction was poor. A firm diagnosis of anomalous origin of 1 ^ 
coronary artery from the pulmonary artery with left ventricular myocardial infarction 

made. t ,, „ npricardiw 1 

On Sopt 21, 1956, a left thoracotomy was performed On entry into the pc f 

a moderate amount of free fluid was present. The left ventricle showed a Urge » ^ 
This area of the heart was quite fibrotic and thin It contracted paradoxically vntn 
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of the heart. The pericardium was removed and a concentrated solution of phenol (88 per 
cent) was applied to the entire cpicardial surface. The left lung was sutured to the surface 
of the left ventricle. The postoperative course was uneventful. 

Since discharge she has been seen on several occasions for follow-up examinations and 
has developed normally. Cardiomegaly and electrocardiographic evidence of myocardial 
ischemia persist, but the child is now 4 years of age and appears otherwise normal. 


DISCUSSION 

Although it may appear somewhat paradoxical, myocardial infarction in 
infancy is recognized as a definite clinical entity and is being discovered during 
life with increasing frequency. Death from myocardial infarction in this age 
group has been reported following calcification of the coronary arteries, 5 ’ 6 throm¬ 
bosis of coronary arteries without calcification, 7 and in association with anoma¬ 
lous origin of the left coronary artery from the pulmonary artery. 2 - 8 The latter 
condition is considered to be the most common of this group. In 1911, Abri- 
kossoft 1 reported the first case of anomalous origin of the left coronary artery 
from the pulmonary artery. This description stimulated little interest until 
Bland, White, and Garland 2 first described diagnostic features of this condition 
in the electrocardiogram of an infant witli this diagnosis. Since that time 
increasing interest has been shown in the malformation, and a number of cases 
and clinical studies have been reported. Recently Keith has published an 
excellent review of his eases, together with those previously reported, bringing 
the total number to nearly 60. 2 

The pathogenesis of the left ventricular myocardial infarction in patients 
with anomalous origin of the left coronary artery from the pulmonary artery 
has attracted considerable attention and speculation. It has been the opinion of 
some that the left ventricle becomes infarcted as a result of the perfusion with 
blood of a low oxygen saturation and under a low pressure. This is explained 
by the fact that the normal pressure in the pulmonary artery is considerably 
lower than that in the aorta and that the oxygen saturation of the blood within 
it is also low. However, a recent review of an early report by Brooks, 10 pub¬ 
lished in 1886, has stimulated a new approach. This anatomist reported two 
Distances of anomalous origin of the right coronary artery from the pulmonary 
artery. These cases occurred in adults and were found incidentally in cadavers 
111 the dissecting laboratory. He made the observation that extremely large 
arterial communications were present between the branches of the anomalous 
Dght coronary artery and the normal left coronary artery. Since the pressure 
m *be pulmonary artery was quite low, he concluded that under these circum¬ 
stances blood in the right coronary artery must flow in a retrograde manner. It 
was his concept that blood entered the left coronary artery from the aorta under 
high pressure and passed through collateral vessels into the right coronary arterr 
v ’Uth ultimate drainage into the pulmonary artery. No infarction was described 
in either of these cases and indeed it is a well-known fact that many instances 
(a anomalous origin of the right coronary artery from the pulmonary artery 
nave been described which are asymptomatic and unassociated with patholoric 
changes. This concept also gained the support of Maude Abbott 11 and more 
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recently, Edwards 12 has added further evidence for this explanation. He lias 
emphasized the fact that low oxygen saturation alone is unlikely to produce 
ischemia, inasmuch as many patients with congenital cyanotic heart, disease hare 
far lower oxygen saturation in the coronary arteries than exists in the pulmonary 
artery. Aplcy and associates 13 have reported that at the time of operation bright 
red blood was noted to flow freely from the distal end of an anomalous left 
coronary, indicating that it originates from an arterial source. Case and asso¬ 
ciates 11 have performed injection studies on specimens at postmortem examina¬ 
tion and have demonstrated free communication between the left and right 
coronary arteries. 


In the studies reported in the present communication, attention lias been 
directed to the observations made during perfusion of the right coronary artery 
at the time of postmortem examination. Contrast medium injected into the 
right coronary artery freely crossed into the left coronary artery through easil} 
visible collateral vessels (Pig. 2, B). This indicates that the path of least resist 
ance is through the collateral channels between the right and left coionary 
circulation in preference to an initial route into the coronary venous bed ( V 
3). Following injection, the dye ultimately appeared in the pulmonary arteii a 
the orifice of the anomalous left coronary artery. In a second study perfome 
at the time of operation (Fig. 4), it was demonstrated that the blood in ® 
anomalous left coronary artery is arterial and with an oxygen saturation o 
per cent (Fig. G, B). Furthermore, the pressure in this vessel rose appreciaJ 
when the left coronary artery was occluded at its origin (Fig- G, A). These a 
conclusively demonstrate that the blood in the anomalous left coronary ai cry 
flows in a retrograde direction, and that blood entering the right coronary a er > 
from the aorta passes through collateral vessels into the left coronary ar r 
with ultimate drainage into the pulmonary artery. Under these circumstance, 
it is apparent that arterial blood is being drained away from the left ven n 
despite the fact that this oxygenated blood is greatly needed by the myocai mm- 
This fact led Edwards 12 to suggest that ligation of the left coronary artery a 
origin might significantly improve the circulation to the left ventricle. This n' 
first performed by Mustard in 1956, but the child died suddenly 8 hours & 
operation. 15 Jahnke 10 performed this procedure on a 4 -month-old infant an ’ 
although the child did well in the immediate postoperative period, she 1C 
months later in cardiac failure. Davis 17 has performed ligation of the anoma 
coronary artery in an infant 4 months of age with success at the time of re P^ 
Morrow 3 has recently observed an interesting case in which an anomalous 
coronary artery from the pulmonary artery was proved by aortography a 
later at operation. A ligation of the anomalous coronary artery e 

epicardialization and cardiopneumopexy was performed. This infant has c 
remarkably well and one year following operation shows diminished e ec 
cardiographic evidence of myocardial ischemia. The course of this child app 
to be similar to one of the infants in the present report. 

An increasing number of reports of anomalous origin of the left coronary 
artery from the pulmonary artery is appearing in the literature. Further® 
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it is apparent tliat tlie diagnosis is being made with increasing frequency at a 
time when it is possible to institute therapy. An analysis of the reported results 
indicates that the mortality in untreated cases is quite high and death usually 
occurs in the first year of life (Fig. 7). Although Kaunitz 8 collected a small 
number of cases of adults with this condition, the great majority of patients 
until this disorder do not survive beyond infancy. The diagnosis can be made 
until considerable accuracy by the history, physical examination, chest film, and 
electrocardiogram. However, in doubtful cases, angiocardiography and aortog¬ 
raphy may be employed to confirm the diagnosis. 

In the past a variety of methods have been advocated in an effort to im¬ 
prove the circulation to the left ventricle. These procedures have included: 
(1) a systemic-pulmonary anastomosis in an effort to increase the oxygenation 
of the blood in the pulmonary artery 2 : (2) the production of an increased pres¬ 
sure in the proximal pulmonary artery by a constriction placed immediately 
distal to the origin of the anomalous coronary artery 15 ; (3) the introduction of 
talc into the pericardial cavity to stimulate collateral circulation and the in- 

ANOMALOUS ORIGIN OF LEFT CORONARY 
ARTERY FROM PULMONARY ARTERY 



' Comparison of age of death in present series and collected senes reported by Keith 

giowth of new vessels into the ischemic ventricle 19 ; (4) the direct anastomosis 
ox a systemic artery to the anomalous left coronary artery 15 ; (5) resection of the 
mfarcted area in an effort to eliminate the paradoxical motion of the left ven¬ 
tricle 1 -; and (6) ligation of the anomalous coronary artery at its origin, either 
clone or combined with pericardiectomy and de-epicardialization. 1 Despite these 
suggestions, only pericardial initants and ligation of the anomalous coronary 
artery have been reported to be effective. There is little doubt that a recon¬ 
structive procedure such as the anastomosis of the anomalous coronary to a 
sjstemic vessel is the ideal approach. However, it should be noted that these 
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infants arc almost always in an extremely poor condition and tolerate surgery 
poorly. The fact that every patient in the present series without surgical 
therapy died before the first year of life hears emphasis. Since death has 
occurred frequently with induction of anesthesia or shortly after the onset of 
the operation, a rapid and simple procedure with a minimum of dissection is 
most likely to be followed by survival. Strong emphasis should be placed upon 
the importance of early diagnosis and treatment before irreversible infarction 
occurs. At the present it appears that ligation of the anomalous left coronary 
artery at its origin combined with pcricardiectomy and de-cpicardialization 
offers the greatest chance for survival and improvement. The favorable course 
of 3 of 5 infants treated by one or both of these methods in the present report 
supports this view. 

SUMMARY 

Myocardial infarction in infancy is most frequently the result of an anoma¬ 
lous origin of the left coronary artery from the pulmonary artery. Twelve cases 
are reviewed and the diagnostic, pathologic, and therapeutic aspects aie pie 
sented. Emphasis is placed upon the high mortality rate in those cases manage 
without operation. Evidence is presented which supports the concept that t ic 
blood flow in the anomalous left coronary artery is retrograde and that mtena 
blood is actually drained away from the myocardium into the pulmonary aiteiy 
This finding is utilized in the therapeutic approach. Ligation of the anoma ous 
left coronary artery at its origin combined with revascularization by peiicar 
ectomy and dc-cpieardia 1 iza 1 ion have been shown to produce encouraging icsn s. 
Early diagnosis and treatment arc mandatory if significant improvement is 
be obtained before irreversible changes of myocardial infarction occur. 
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Discussion 

DR. C LAIR BASIXGER, Grand Rapid*, Mich —My as-ociates Richard Rasmu-on. 
Richard Meade, and I had an opportunity recently to study a 12 year old symptomatic child 
with a continuous murmur. She had had a number of -tudies, including repeated right cardiac 
catheterizations, and we thought we established the diagnosis with retrograde angiograms Tin- 
slide shows the origin of a single left coronary artery. It is a large artery, three to four times 
normal size and, as the die fills the ic-sels. we find a right coronary artery comuig off the 
left, a single coronary artery here (indicating), and there is a right coronary artery-nglit 
ventricular fistula demonstrated at this point 

This sbde is an artist's drawing of the operative specimen which shows the origin of the 
left and single coronary artery, with the right coronary artery coming down anomalously with 
a fairly large right ventricular fistula. The fi-tula was dinded at its origin, and the entire 
right coronary artery circulation was preserved. 

We could demonstrate no electrocardiographic changes of significance during or munedi- 
ately after surgery. The child's murmur has since disappeared completely and she is 
asymptomatic. 

DR JOSEPH GILBERT, Bethesda. Md—At the National Heart Institute we have not 
had the extensive experience of Dr. Sabi-ton with this entity but our findings corroborate m 
every respect those that he has put forth this morning concerning the pathophysiology and 
surgical treatment of the lesion 

Tins sbde is of an aortogram performed on a 4 month old child. Although the right 
opacifies immediately the left coronary artery cannot be seen until (slide) later in the film 
senes, when it is thus demonstrated to fill m a retrograde fashion via collaterals from the 
nght. 

The child was operated upon, at which tune the anomalous left coronary arterv was ligated 
and the epicardium painted with dilute phenol He has been followed for 14 months, has 
grown and developed normally, and has exhibited remarkable regression m the electrocardi 
ographic changes, which showed an anterior infarction pattern preoperativeli. 

DR. WILLIAM T. MUSTARD, Toronto, Ontario—I should like to make one comment_ 

that is that I think it’s better to have two coronaries than one. 

(Slide) The operation consists of turning down the internal carotid and anastomosing it 
to the coronary artery. This anastomosis is quite feasible, and the internal carotid m'the 
infant is about the same size as the coronary 

Unfortunately, as you can see from the slide, this patient didn't survive, and my other 
2 patients didn't either, but I still think it's a good operation (Laughter and applause.) 

DR LEWIS H. BOSHER, Richmond, Ya.—I would like to present a case winch niav be 
of some interest and which tends to back up what Dr Mustard has just said. 

Anastomosis of the left subclavian artery to the anomalous left coronarv has been sue 
ge.-ted and previously attempted by Apreis. We encountered a 4 year old child who was stdl 



336 


SAMS TON, PELABGOXIO, TAUSSIG 


J Thoracic and 
Cardiovas Surg 


ahxo with tins unusual condition. (Slide) Tins child had been treated ui the hospital on 
numerous occasions—I think, fourteen in all—for congcstixc failure The child was old enough 
to complain of chest pain. This slide shows the large heart which the child exhibited 

Aortography (slide) demonstrated a single coronurj xesscl coming off the aorta The 
left coronary is not seen 

This slide is the artist’s drawing of the conditions exhibited at surgery showing a large 
anomalous xesscl arising from the pulmonary artciy It was quite feasible to turn down the 
left subclnxmn nrteix nnd to anastomose it with the distal diwdcd anomalous coronar) arterr 
Unwisely wo attempted pressuie studies in the p itient, and the child’s heart went into 
xentricular fibiillation Wc could not get the heart detibrillated until we had placed the child 
on the lnpass, and at that time we proceeded to earn out the anastomosis 

This slide shows a lather good match between the two xessels and the adequate length of 
the left subdauun niton Unfortunately we < ould not get the child oft the bjpass 

This slide shows the mulch between the xessels as exhibited at postmortem examination 
(Mule) There was an infant at (he apex of the left xentricle, as shown here, (slide) 
and the open specimen shows the liifaict, which was lathei extensile IVc feel that this is a 
feasible opeiation, at least m older inf mts, if the child surxnes to this age I don’t know how 
satisfactoi.x it would be 111 the xeix xoung infant 

UK KlcriAKD M PETERS, Clinpd IIilI, M C—I’d just like to ask Ur Sahiston one 
question about this xei} nice pieseiitation, and that is whether he icall.x thinks the reiascuari 
nation is the impoitaiit step, 01 whether the ligation of the anomalous coronarx is reall) tic 
cffectixc therapx 

UR bABISTON (Closing) —In answer to Ur Peters’ question concerning the xaluc of 
the epieardial icxasculari/ation proceduic, I regard it as being of seconder} importance 
Ligation of (bo anomalous coronar.x nrtcr} is the detinitixe pait of the operation 
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P rior to 1954 when Cra Coord* reported the first successful removal of an 
intra-atrial myxoma with the use of extracorporeal circulation, primary 
cardiac tumors were regarded with little clinical interest. Two removals 
previously attempted by closed methods had been unsuccessful. 2 ’ 3 With the 
development of safe and dependable open-heart surgery, it has become nec¬ 
essary to consider these lesions in the evaluation of the cardiac patient and to 
employ specific diagnostic procedures for identifying them when indicated. 
Removal of 19 atrial myxomas with 11 successes'*' 12 have previously been re¬ 
ported. Two patients with right atrial myxomas and one with a cardiac 
septal rhabdomyoma who have undergone successful surgical treatment are 
the subject of this report. 

Although constituting the most common type of primary intracardiac tumor, 
the atrial myxomas have produced widely varying clinical features which 
have made recognition difficult. Most of the previously recorded cases, as well 
as the 2 cases of myxoma in this report were thought to be other types of heart 
disease in the initial stages of their management. As a result, the diagnosis 
of primary intracardiac tumor has often been made by a process of elimination 
or a tumor has been encountered as an unsuspected operative finding during 
the course of a closed cardiac operation. In a review of 125 cardiac myxomas 
discovered at necropsy, Prichard 13 found 75 per cent to arise in the left atrium. 
This apparent preponderance in the arterial side of the heart is confirmed by 
the frequency of left-sided lesions (80 per cent) which have been removed 
surgically. The symptoms of both mitral stenosis 14 and insufficiency 12 have 
been produced by these tumors, the type apparently depending upon the degree 
of prolapse of the tumor through the valve. An atrial tumor arising near the 
mitral orifice and overlying the opening may produce a stenotic effect, whereas 
a tumor arising in the same area which is pedunculated may prolapse into the 
ventricle resulting in stenosis or, by preventing apposition of the leaflets, lead 
to insufficiency. That a similar obstructive mechanism may prevail when the 
tumor arises in the right atrium is demonstrated by the 2 patients with myxomas 
to be described. In these patients, a stenotic effect on the tricuspid valve 
resulted, and, in addition, one of the patients exhibited a right-to-left shunt 
throug h an atrial septal defect. Characteristically, the myxomas are whitish 
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alivo with this unusual condition. (Slide) This child had been treated in the hospital on 
numerous occasions—I think, fourteen in all—for congestive failure. The child was old enough 
to complain of chest pain. This slide shows the large heart which the child exhibited. 

Aortography (slide) demonstrated a single coronary vessel coming off the aorta. The 
left coronary is not seen. 

This slide is the artist’s drawing of the conditions exhibited at surgery, showing a large 
anomalous vessel arising from the pulmonary artery. Jt was quite feasible to turn down the 
left subclavian artery and to anastomose it with the distal divided anomalous coronary artery. 

Unwisely, we attempted pressure studies in the patient, and the child’s heart went into 
xcntricular fibrillation. Wo could not get the heart defibrillatcd until we had placed the child 
on the bypass, and at that time we proceeded to carry out the anastomosis. 

This slide shows a rather good match between the two vessels and the adequate length of 
the left subclavian artery. Unfortunately, we could not get the child off the bypass. 

This slide shows the match between the xessels as exhibited at postmortem examination. 

(Slide) There was an nifaict at the apex of the left xentricle, as shown here; (slide) 
and the open specimen shows the infarct, which was rather extensile. IVe feel that this i' a 
feasible operation, at least in older infants, if the child survives to this age. I don’t know how 
satisfactory it would be in the very young infant. 

DR. RICIIARI) M. PETERS, Chapel Hill, X. C.— I’d just like to a<=k Dr. Sabiston one 
question about this very nice presentation, and that is whether he really thinks the reiasculari 
zation is the impoitant step, or whether the ligation of the anomalous coronary is realb tic 
effective theiapy. 

DR. SABISTON (Closing).—In answer to Dr. Peters’ question concerning the value of 
the epicardial revascularization procedure, I regard it as being of secondary importance 
Ligation of the anomalous coronary aitcry is the definitive part of the operation. 
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P RIOR TO 1954 when Crafoord 1 reported the first successful removal of an 
intra-atrial myxoma with the use of extracorporeal circulation, primary 
cardiac tumors were regarded with little clinical interest. Two removals 
previously attempted by closed methods had been unsuccessful." - 3 'With the 
development of safe and dependable open-heart surgery, it has become nec¬ 
essary to consider these lesions in the evaluation of the cardiac patient and to 
employ specific diagnostic procedures for identifying them when indicated. 
Removal of 19 atrial myxomas with 11 successes 4 ’ 13 have previously been re¬ 
ported. Two patients with right atrial myxomas and one with a cardiac 
septal rhabdomyoma who have undergone successful surgical treatment are 
the subject of this report. 

Although constituting the most common type of primary intracardiac tumor, 
the atrial myxomas have produced widely varying clinical features which 
have made recognition difficult. Most of the previously recorded cases, as well 
as the 2 eases of myxoma in this report were thought to be other types of heart 
disease in the initial stages of their management. As a result, the diagnosis 
of primary intracardiac tumor has often been made by a process of elimination 
or a tumor has been encountered as an unsuspected operative finding during 
the course of a closed cardiac operation. In a review of 125 cardiac myxomas 
discovered at necropsy. Prichard 13 found 75 per cent, to arise in the left atrium. 
This apparent preponderance in the arterial side of the heart is confirmed by 
the frequency of left-sided lesions (SO per cent) which have been removed 
surgically. The symptoms of both mitral stenosis 14 and insufficiency 12 have 
been produced by these tumors, the type apparently depending upon the degree 
of prolapse of the tumor through the valve. An atrial tumor arising near the 
mitral orifice and overlying the opening may produce a stenotic effect, whereas 
a tumor arising in the same area which is pedunculated may prolapse into the 
ventricle resulting in stenosis or, by preventing apposition of the leaflets, lead 
to insufficiency. That a similar obstructive mechanism may prevail when the 
tumor arises in the right atrium is demonstrated by the 2 patients with myxomas 
to be described. In these patients, a stenotic effect on the tricuspid valve 
resulted, and, in addition, one of the patients exhibited a right-to-left shunt 
through an atrial septal defect. Characteristically, the myxomas are whitish 
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alivo with this unusual condition. (Slide) This child had been treated in the hospital on 
numerous occasions—I think, fourteen in all—for congestive failure. The child was old enough 
to complain of chest pain. This slide shows Ihc largo hcait which the child exhibited. 

Aortography (slide) demonstrated a single coionary vessel coming off the aorta. The 
left coronary is not seen. 

This slide is the aitist’s drawing of the conditions exhibited at surgery, showing a large 
anomalous vessel arising from the pulmonary artery. It was quite feasible to turn down the 
left subclavian artery and to anastomose it with the distal divided anomalous coronary artery 

Unwisely, we attempted pressure studies in the patient, and the child’s heart went into 
xentricular fibrillation. We could not get the hcait detibrillatcd until we had placed the child 
on the bypass, and at that time wo proceeded to carry out the anastomosis. 

This slide shows a rather good match between the two vessels and the adequate length of 
the left subclavian aitety. Unfortunately, we could not get the child oil the bypass. 

This slide shows the match between the vessels as exhibited at postmortem examination 

(Slide) There was an infaiet at the apex of the left ventricle, as shown here; (slide) 
and the open specimen shows the infarct, which was rather extensive. We feel that this is a 
feasible operation, at least in older infants, if the child suivives to this age. I don’t know how 
satisfactory it would bo in the veiy young infant. 

DR. RICHARD M. PETERS, Chapel Ilill, N. C.—I’d just like to ask Dr. Sabiston one 
question about this very nice presentation, and that is whether he really thinks the revnsculan 
zation is the impoitant step, or whether the ligation of the anomalous coronary is rcalb t |e 
effective therapy. 

DR. SABISTON (Closing).—In answer to Dr. Peters’ question concerning the value of 
the epicardial revascularization procedure, I regaid it as being of secondary importance 
Ligation of the anomalous coronary artery is the definitive part of the operation. 
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P rior to 195-4 'when Crafool'd 1 reported the first successful removal of an 
intra-atrial myxoma with the use of extracorporeal circulation, primary 
cardiac tumors were regarded with little clinical interest. Two removals 
previously attempted by closed methods had been unsuccessful. 3 TYitli the 
development of safe and dependable open-heart surgery, it has become nec¬ 
essary to consider these lesions in the evaluation of the cardiac patient and to 
employ specific diagnostic procedures for identifying them when indicated. 
Removal of 19 atrial myxomas with 11 successes*' 1 " have previously been re¬ 
ported. Two patients with right atrial myxomas and one with a cardiac 
septal rhabdomyoma who have undergone successful surgical treatment are 
the subject of this report. 

Although constituting the most common type of primary intracardiac tumor, 
the atrial myxomas have produced widely varying clinical features which 
have made recognition difficult. Most of the previously recorded cases, as well 
as the 2 eases of myxoma in this report were thought to he other types of heart 
disease in the initial stages of their management. As a result, the diagnosis 
of primary intraeardiae tumor has often been made by a process of elimination 
or a tumor has been encoruitered as an unsuspected operative finding during 
the course of a closed cardiac operation. In a review of 125 cardiac myxomas 
discovered at necropsy, Prichard 13 found 75 per cent to arise in the left atrium. 
This apparent preponderance in the arterial side of the heart is confirmed by 
the frequency of left-sided lesions (SO per cent) which have been removed 
surgically. The symptoms of both mitral stenosis” and insufficiency 13 have 
been produced by these tumors, the type apparently depending upon the degree 
of prolapse of the tumor through the valve. An atrial tumor arising near the 
mitral orifice and overlying the opening may produce a stenotic effect, whereas 
a tumor arising in the same area which is pedunculated may prolapse into the 
ventricle resulting in stenosis or, by preventing apposition of the leaflets, lead 
to insufficiency. That a similar obstructive mechanism may prevail when the 
tumor arises in the right atrium is demonstrated by the 2 patients with myxomas 
to he described. In these patients, a stenotic effect on the tricuspid valve 
resulted, and, in addition, one of the patients exhibited a right-to-left shunt 
through an atrial septal defect. Characteristically, the myxomas are whitish. 
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tabulated tumors which ai’ise from a pedicle in the region of the foramen ovale 
of the atrial septum. Hemorrhage, necrosis, and calcification have commonly 
been noted within the tumors which are composed of a loose myxomatous con¬ 
nective tissue stroma. Mucin stains, such as mueihematin, are positive. The 
evidence that they are true neoplasms rather than atypical thrombi is con¬ 
vincing. 13 

Primary rhabdomyoma of the myocardium is a rare cardiac tumor which 
has heretofore only been reported as a necropsy finding. They are usually 
part of a generalized hamartomatosis involving the brain, skin, heart, kidneys, 
and occasionally' other abdominal viscera. The cerebral component consists oi 
localized glial proliferations (tuberous sclerosis) and the dermis develops 
nodular connective tissue overgrowth (adenoma sebaceum).. The latter may 
not appear until late in the course of the disease which is prone to terminate 
with epilepsy and mental deterioration. Many patients do not live beyond the 
first year of life. The localized areas of tissue overgrowth are probably best 
categorized as hamartomas or developmental abnormalities 17 rather than neo¬ 
plasms. Cardiac rhabdomyomas are most commonly found as multiple small 
nodules frequently located within the ventricular myocardium, 15 ’ 10 ’ 1 ' a ^‘ 
though occasionally larger, solitary tumors have been found. The tumors are 
unencapsulated and mici’oscopically show “spider cells” which stain for gly¬ 
cogen and occasionally exhibit the cross striations of cardiac muscle. Fibrosis 
and calcification are frequently present. 

Von Recklinghausen is credited by Farber 17 with the original description. 
The patient we are presenting exhibited the findings of right ventricular out¬ 
flow tract obstruction similar to infundibular pulmonic stenosis. Diagnosis 
and surgical treatment of this cardiac tumor have not previous!}' been reporte 

CASE REPORTS 

Case 1.*—-A 51-year-old housewife was admitted to Henry Ford Hospital on Jan. 23, 
195/, with the complaints of dyspnea and drenching night sweats of 3 months' duration. 
A period of difficulty in controlling movements of the right side of the body had occurrc 
several months and again 3 weeks preceding admission. Positive findings were confined 
the heart and consisted of a rough systolic murmur over the xyphoid process. Die bloo 
pressure was 110//0 mm . Hg and routine laboratory- examinations were normal. J 
venous pressure and the arm-to-tongue circulation time was normal. The liver edge was 
palpable below the right costal margin. Another examiner heard an apical systolic murmur. 
At a subsequent examination a presystolic rumble was audible at the apex, accompany 
by a gallop rhythm. A fourtli consultant noted distended neck veins at the time of "s 
examination and was unable to detect a murmur. Cyanosis was noted on several occasions. 
The electrocardiogram demonstrated a changing pattern which initially showed a nodal rhythm 
with low voltage complexes. The T waves subsequently became inverted, suggesting acute m) 
carditis and anteroseptal damage. On four later occasions, electrocardiographic tracings 
were interpreted as normal. Chest roentgenograms and fluoroscopy demonstrated no sigm^ 
icant abnormalities. The brachial arterial oxygen saturation, which was 76 per cent " 1 
breathing air, rose to 89 per cent on breathing 100 per cent oxygen. 

•This patient has previously been reported by Coates and Drake. 1 * 
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Because of a history of increased dyspnea occasioned by lying on the left side, 
brachial arterial oxygen samples were drawn with the patient in the left and right lateral 
decubitus positions. While breathing room air, the sample drawn in the left lateral position was 
55 per cent saturated and that drawn in the right lateral position was 69 per cent saturated. 
Eight-sided cardiac catheterization revealed essentially normal pressures at that time and the 
catheter passed through the atrial septum into the left atrium, A blood sample from the 
latter location was 89 per cent saturated. Dyspnea, neck vein distension, and cyanosis pro¬ 
gressively increased during the next few days. The tentative diagnosis at this point was 
Ebstein’s malformation of the tricuspid valve. Angiocardiography was performed which 
demonstrated an enlarged right atrium containing a lobulated mass which extended through 
the tricuspid valve into the right ventricle (Fig. 1). 



Fig. 1.—Case 1. Angiocardiogram with right ventricular injection. The lobulated filling defect 
in the right atrium and right ventricle is produced by a myxoma. 

Operation. —Bight atriotomy was carried out on April 25, 1957, using total cardio¬ 
pulmonary bypass for a period of 30 min. with the DeWall-Lillehei bubble oxygenator. 
The perfusion rate was 76 c.c. per kilogram per minute through the left subclavian artery. 
A transverse thoracotomy in the third intercostal space was utilized. During the venous 
cannulations which were done through the atrium alongside the tumor, cardiac action 
deteriorated which necessitated rapid completion and institution of perfusion assistance. 
The heart was stopped with acetylcholine and right atriotomy performed. The tumor, 
which protruded into the left atrium through a septum secundum defect and through the 
tricuspid valve into the right ventricle, was removed along with the site of attachment to 
the rim of the atrial defect (Fig. 2). The atrial septum with the resulting defect from 
excision of the pedicle was closed with two rows of 2-0 silk sutures. Cardiac contractions 
promptly resumed after removal of the aortic clamp and decannulation followed. Marked 
postoperative improvement was soon noted with clearing of the signs of venous hypertension 
ana return of the arterial oxygen saturation to normal (96 per cent). The patient was 
discharged on June 16, 1957, and has remained well. 

„ ,.jy tholoaic bindings. The tumor was lobulated, glistening white, and, microscopically 
exhibited the loose myxomatous stroma of a cardiac myxoma (Fig. 3). 
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Case 2.—A 54 -year-old housewife was first admitted to Ilenry Ford Hospital June 1, 
1959, complaining of frequent headaches and episodes of palpitation of 6 years’ duration. 
Increasing shortness of breath on exertion had been noted during the preceding 9 months 
and this was accompanied by flushing and excessive perspiration. Periorbital and lower ex¬ 
tremity edema were moro recent developments. Significant physical findings consisted of a 
generalized, brown skin pigmentation, fullness of the neck and antethoracic veins, and peri¬ 
orbital edema. The liver was moderately enlarged but did not pulsate. Heart sounds were 
described as being of tic-tac quality and accompanied by an apical systolic murmur. A 
mid-diastolic murmur was also heard along the left lower sternal border. Different mur¬ 
murs were subsequently noted by other examiners. Blood pressure was 120/80 mm. Ilg- 



Fig. 2.— a. Case 1. Myxoma arising from the right side of an ^"d'ndarseP are not 
and projecting: into the left atrium and right ventricle. Right heart prc-su 
elevated but a right-to-left shunt was demonstrated. . . ve n- 

b, Case 2. Right atrial myxoma arising from septum and prolapsing into ri 

tricle. Eleyated right atrial and ventricular pressures are present. stenosis- 

c, Case 3. Ventricular septal rhabdomyoma producing subvalvular P u ‘T™i ir ; n( l wedge 
Right ventricular hypertension is present. Alibi elevation of the pulmonarj arte . mitral 
pressures was thought to he produced by extension of the rhabdomyoma raw 

valve area. 



■ 'n fff and 

Fig. 3.— a. Right atrial myxoma from Case 1 which shows pedicle of ° rI f^ s omatoUS 
Indentation produced by tricuspid valve (S). b, Microscopic appearance of loose 
stroma. 
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Routine laboratory examinations were normal. Chest roentgenograms and fluoroscopy failed 
to show significant abnormalities (Fig. 4). A carcinoid syndrome was suspected because of 
the flushing and perspiration but was not substantiated by laboratory tests. Peaked T waves 
and right atrial hypertrophy were noted in the electrocardiogram. Peripheral venous pres¬ 
sure was 260 mm. saline and the arm-to-tongue circulation time was 22 seconds. Eight 
cardiac catheterization demonstrated normal oxygen determinations. The pressures wore 
found elevated proximal to the pulmonary valve with a right atTial pressure of 20/5 mm. Tig 
and a superior vena caval mean pressure of 21 mm. Hg. The right ventricular systolic 
pressures varied between 27 and 45 mm. Hg. Obstruction of the tricuspid valve was in¬ 
dicated by an end diastolic gradient of 15 mm. Hg across the valve. The tentative diagnosis 
was either tricuspid stenosis or a right atrial tumor. Angiocardiography was advised at 
this point but the development of multiple venous thromboses in the upper extremities and 
neck discouraged further venous cannulations. Impaired liver function was indicated by 
a Bromsulphalein retention of 45 per cent in 15 minutes. The administration of digitalis 
and diuretics did not lower the venous pressure or subjectively improve the patient. The 
patient’s clinical course rapidly deteriorated and was punctuated by episodes of syncope 
during which the peripheral pulse disappeared. 



frrar»F 4 ’ T Case 2 Preoperative (a) and 1 month postoperative (b) chest rocntceno- 
Sn"riL >, pa i! ent with right atrial myxoma producing obstruction at the tricuspid valve 
peciftc chamber enlargement is not identified. 


Operation.—Operation was carried out on July 21, 1959, using cardiopulmonary bypass 
" f 2i minutes ’ duration with a bubble oxygenator. A bilateral transverse thoracotomy in 
the third intercostal space was used. An arterial perfusion late of 75 c.c. per kilogram 
! ' er minute ,vas introduced through a femoral cannula. Vena caval cannulations were made 
‘ lr ough the atrial appendage beside a large intra-atrial mass. The heart was allowed to 
eat durin g atriotomy. A portion of the tumor had prolapsed into the right ventricle 
ornnng a cast of this chamber (Fig. 2). Manual compression of the ventricle delivered 
j e tumor trough tlie tricuspid valve and into the right atrium from which it was excised 
a oug with the area of attachment to the inferior portion of the atrial septum and adjacent 
“ enor vena cava (1.5 by 2 cm.). The septum was repaired, atriotomy closed, and prota- 
ue administered prior to decannulation. The facial and lower extremity edema rapidly 

“T 4 , and the pationt "' as tbsoharged on Aug. 26, 1959. When last seen 6 months post- 
peratively, she was completely free of symptoms and leading a normal life. 
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Pathologic Binding ,?.—The tumor was friable, lobulated, glistening nhite, and measured 
10 by 8 by 4 cm. (Fig. 5). The microscopic appearance was similar to that found is 
Case 1. The site of origin from the atrium and vena cava showed superficial attachment 
with no invasion of the underlying myocardium. 

Cask ,'i .—A 7-year-old boy was admitted to Henry Ford Hospital Oct. 14, IMS, "itl 
tv history of short ness of breath on exertion. The parents stated that a cardiac nmmurb.il 
been known to be present since birth. Two unsuccessful attempts to perform cardiac cathe¬ 
terization lnul previously been made in another city. The child v,as on a high protein diet 
because of spontaneous hypoglycemia which had been manifested by occasional loss of con’ 
sciousncss which had required intravenous administration of glucose. Examination k 
vealed a uoil-developed boy uith a mild pectus excavatum. There was a thrill and systolic 



Fig. 5.—Case 2. a. Excised right atrial myxoma, which had protapsecl f m .. XO vti<d oia 
a cast of tbe right ventricular chamber. Pedicle demonstrated at 1. o, 
stroma, which stains for mucin. 


murmur over the pulmonary artery area. Chest roentgenograms and fluoroscop) e tectar 
strated mild cardiomegaly due to right ventricular enlargement (Fig. 6). .onJvwtiof 1 
cardiogram was interpreted as showing counterclockwise rotation and a biiarre CIl0 uS 
disturbance (Fig. 7). Cardiac catheterization was performed through the rig 1 ‘ 
vein on July 15, 1958, by Dr. Edward Green of the Pediatric Cardiology Pi T)S ' 
blood oxygon determinations were normal; however, pressure measurements rev • ^ ^ 

ventricular hypertension. Du ring the withdrawal of the catheter from the pulmoomy^ 
where the pressure was 30/20 mm. Ilg, the pressure rose to 00/0 mm. Hg high ^ gy 
ventricular outflow tract and 80/0 mm. Ilg in the low right ventricle (Fig s ’ “ ‘ #M y 
Tlio corresponding moan pressures in millimeters of mercury were 20 in the p urc 
artery, 22 high in the outflow tract, and 30 in the low right ventricle. The "C ^ ve „. 
was 22/12 mm. Ilg. The catheter was noted to deviate markedly in the region < gs 

f . These data were of 


tricular septum prior to entering tlic pulmonary artery, 
demonstrating moderate right ventricular outflow tract obstruction and some 


■idente 
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obstruction at the mitral valve. Angiocardiography and cineeardiography with right ven- 
iricnlar injection confirmed the presence or a mass partially obstructing the subvalvular 
ralmnnary area (Fig. 9). A rhabdomyoma of the ventricular septum was postulated by 
Dr. E. Green. 

Uv-.rc'.wr ,.—On Oct. 14. 1955. cardiopulmonary bypass for a period of 67 minutes 
was carried out'with a bubble oxvgenator for resectiou of the intracardiac rumor. A 
bilateral, transverse, third interspace incision was used with subclavian artery cannulation. 



whi"h F S: n 4C -Case S' . Pr «>perat!ve electrocaraiosrrara of patient with cardiac rhabflomvoma 

E " ovrs normal sinus rhythm. Bizarre ventricular — : —- 

lo abnormal intraventricular conduction. 


activation is present and probably 


rne perfusion rate was 90 c.c. per kilogram per minute. After opening the pericardium. 
® anterior surface of the heart overlying the ventricular septum was noted to contain a 
alging, whitish, firm, noncontracrile area which measured 3 by 2 cm. There was a thrill 
^neath this area which was transmitted into the pulmonary artery. A mass, occupviu"- the 
^ptal region, could be vaguely outlined. The heart was stopp'ed with acetylcholine' and 
reetriculotoinr performed. The pulmonary valve was normal; however! the outSow 
' !T2S Partially obstructed by a mass which arose in the ventricular septum (Fig. 10)' 
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Generous portions of the projecting muscle-like mass acre then excised much as might he 
done with infundibular stenosis. The resection was carried to a depth at which an aspirating 
needle obtained bright red left ventricular blood after passing a few millimeters farther 
into the mass. Frozen section examination wits said to show muscle. Cardiac action was 
restored by removing the aortic clamp and the ventriculotomy was repaired. The tumor 
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Fifr S —Case 3. Pull-through of pulmonary valve and right ventricle d. .JlSj,bular 
heart catheterization of patient with ventricular septal rhabdomyoma. An_ v.eli 

area of transition between pulmonary artery and right ventricle is uemonsir.uc 
as right ventricular hypertension 



•jtfi 

Fig. 9.—Case 3. Angiocardiogram in left, posterior oblinue P r °hf ct i° n deformed W 
atrial injection. The septal region o£ the right ventricular outflow tract 5 
an irregular filling defect due to the rhabdomyoma, 

was not discrete and portions of it could be palpated extending into the atrial sept ^^ nstra ted 
the two auriculoventricular valves. Inasmuch as the preoperative studies had cm ^ ^ 
relatively minor malfunction in the mitral valve region, noticing further was done j ura (ien 
cannulation followed. Recovery was complicated by a left cliylotliorax of 0 ^ 

which was treated by tube drainage. Thoracic duet injury apparently resu e 
section about the left subclavian artery which was used for arterial inflow. 
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Pathologic Examination. —Examination of the resected tissue revealed hyaline fibrosis 
and calcification within a rhabdomyoma (Fig- 11). Foam cells showing a positive stain for 
glycogen were not well demonstrated. Some relatively normal appearing cardiac muscle was 
visible. Because of the frequent association of cardiac rhabdomyoma and tuberous sclerosis, 
investigations were then undertaken to determine the presence of the latter condition. 



Fig. 10.—Case 3. Right ventriculotomy during cardiopulmonary bypass in patient 
. with ventricular rhabdomyoma. Patient’s head is above top ot photograph. The bulging 
l ventricular septal mass prior to excision is indicated by arrow. 



fhere was mild mental retardation with an I. Q. of 73. The electroencephalogram sug¬ 
gested left cerebral hemisphere dysfunction. Funduscopic examination revealed a suggestion 
°f the “soapy spots” seen in tuberous sclerosis. The skin nodules of adenoma sebaceum 
Fere not present. The child was discharged Nov. 16, 195S. When last seen on April 3 I960 
he had gained weight and was said by the parents to be free of dyspnea on exertion’ 
t enod.c runs of premature beats were noted and, for this, daily quinidine was administered’ 
ihe murmur over the pulmonary artery was faintly audible and no mitral murmur could 
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DIAGNOSTIC CONSIDERATIONS 


Primary intracardiac tumors may be diagnosed with certainty by angio¬ 
cardiography, therefore consideration of the possibility becomes the most im¬ 
portant aspect of diagnosis when evaluating a cardiac patient. Since es¬ 
sentially all myxomas arise from the auricular septum, these tumors can be 
expected to produce disturbance of cardiac function primarily at the atrio¬ 
ventricular valves. 

Left Atrial Myxoma .—Three quarters of the reported myxomas arose in 
this location and produced obstruction of the mitral valve or occasionally in¬ 
sufficiency. As further evidence of the similarity to rheumatic mitral stenosis, 
9 of 14 patients operated upon with tumors in the left atrium had the lesion 
first demonstrated at the time of exploration for an intended closed mitra 
commissurotomy. Retrospectively, certain aspects of these cases suggest atypica 
or unusual features. The absence of a rheumatic fever history may be ot 
some help, however, a significant number of patients with bona fide rheumatic 
mitral stenosis do not recall this event. A hint may also be gained fiomtie 
ascultatory findings if the location, intensity, or character of the murmur arc 
noted to change. While disappearance of the murmur in certain positions maj 
be helpful, the opposite finding, accentuation of the murmur, would not e 
assistance in the case of diastolic murmur as this too is a charactensi^ 
rheumatic mitral valve disease. The opening snap and accentuated fust iea 
sound of mitral stenosis have been recorded with the plionocardiogiam m^ 
case of left atrial tumor. 10 Mitral insufficiency findings are apparent y 
less common than those of stenosis; however, one recorded case of e a ^ 
tumor was first diagnosed at the time of open-heart surgery for ie P au 
mitral insufficiency. 12 


The clinical course and response to treatment have been 


a somewhat 


more reliable indication that the patient with mitral valve findings ^ 
have something other than a scarred rheumatic valve. A history of 31 e 
embolization in the absence of significant cardiac findings may su SS tum0V3 
atrial tumor. Four of the 14 patients previously operated upon wi i , 
in this location had such a history. Paradoxical arterial embolization occ 
through an atrial septal defect in our Case 1. Movement of the tumor, ^ 
sumably produced by change in body' position, may r account for the o se 
that these patients often prefer to lie in certain positions or note aggnm ^ 
of symptoms in other positions. This characteristic is frequently m« ^ 
in the cases previously reported of left atrial tumor and should arouse ^ 
when noted. Another characteristic which has been commonly 1 eC °£ a |i U x-e. 
that of poor or no response to adequate therapy" for congestive heait a ^ 
Chest roentgenograms and fluoroscopy" have been of minor assistance 
lishing the diagnosis, except in the case of unusual patterns 


of atrial calcification 


rted. 


Al- 


Mild left atrial and right ventricular enlargement have been rep0 ‘" revea l 
though right- or left-sided cardiac catheterization can be expecte . a(rjl0S js 
findings which support a diagnosis of mitral valve disease, a positive 
can only result when the decision is made to employ radiopaque me m- 
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Eight Atrial Myoxoma .—The most frequent hemodynamic change pro¬ 
duced by tumors in this location lias been obstruction at the tricuspid valve. 
Although rheumatic tricuspid stenosis occurs rarely as an isolated lesion, 
these neoplasms are more likely to be confused with intractable congestive 
failure due to arteriosclerotic heart disease, constrictive pericarditis, or Ebstein’s 
malformation of the tricuspid valve. Case 2 illustrated the findings of tricuspid 
stenosis as manifested by high peripheral venous pressure with periorbital 
and ankle edema, and hepatomegaly. Excessive sweating and flushing were 
noted by both of our patients. Changing murmurs which occasionally dis¬ 
appeared were also recorded in both instances. Positional aggravation of 
symptoms was noted in Case 1 and confirmed by the finding of greater de¬ 
saturation of the arterial blood when a specimen was collected in the lateral 
position as compared to one drawn in the supine position. The right-to-left 
shunt in this instance occurred through an atrial septal defect. Radiographic 
examination demonstrated some enlargement of the right atrium in both cases 
and the electrocardiogram indicated right atrial hypertrophy. A changing 
electrocardiogram may be seen as demonstrated by one of our patients. Calci¬ 
fication was not visible in either of our patients. At this point, right-sided 
cardiac catheterization should be considered and a suspicion of tricuspid valve 
obstruction will be confirmed by finding high right atrial and normal, or near 
normal, right ventricular pressures. Although Case 1 did not show an elevated 
right atrial pressure at the time of catheterization, increased peripheral venous 
pressure was noted clinically on other occasions. Changing right ventricular 
pressures with systolic variations of as much as 20 mm. Hg were noted during 
catheterization of both patients. This finding was attributed in hindsight to the 
changing position of the portion of the tumor which had prolapsed through the 
tricuspid valve. The absence of a pressure change dru’ing a pull-through of the 
tricuspid area in Case 1 suggested Ebstein’s malformation of this valve. Angio¬ 
cardiography was employed at this juncture in the management of Case 1 and 
dispelled the confusion which had existed up to this point. A large lobulated 
filling defect of the right atrial chamber was clearly outlined. 

Rhabdomyoma .—Several types of primary cardiac tumors of muscle origin 
have been found at autopsy. Primary sarcoma and rhabdomyosarcoma have 
usually occurred as diffusely infiltrating neoplasms which produced death by 
pericardial tamponade or cardiac rupture. 10 - =° These tumors exhibit metastasis 
to mediastinal lymph nodes and abdominal viscera. Primary rhabdomyoma of 
the myocardium, however, is generally considered to be a developmental ab¬ 
normality or hamartoma and has not been reported as a precursor of the malig¬ 
nant sarcomatous lesions. In a series of 49 necropsies on patients with primary 
eardiac rhabdomyomas, 8 were large solitary ventricular tumors and the re¬ 
mainder presented as multiple, small tumors throughout the ventricular and 
auricular myocardium. 11 The multiple small tumors were incidental findings 
m infants who died from noncardiac causes as contrasted to the larger solitarv 
tumors which were discovered in patients dying with cardiac svmptoms Wc 
have recently seen in an 8-month-old infant a mitral valve obstruction which 
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was found at necropsy to be produced by pedunculated rhabdomyoma of the 
left atrium. Small intramural tumors were also present within the ventricular 
myocardium. Twenty-four of the 28 cases in the previously mentioned series 
of 49 autopsies, in which intracranial examination was done, exhibited tuberous 
sclerosis. 

The diagnosis of rhabdomyoma in our patients was based on the angio¬ 
cardiographic findings. The obstruction was seen to be produced by a mass 
projecting from the interventricular septum and the configuration could k 
differentiated from the more nearly concentric type of narrowing seen in in¬ 
fundibular stenosis. The catheterization pressure measurements indicate! 
obstruction of the right ventricular outflow tract below the pulmonary Tn ' c - 
An “infundibular type” pull-through tracing was obtained. Mild right ven 
tricular enlargement was noted on the chest roentgenograms. The cecio 
cardiogram exhibited bizarre conduction disturbances indicating disease o * 
septal area. A search for the lesions which frequently accompany rliaboniyoim 
of the heart was partially rewarding in that highly suggesthe cu ence 
tuberous sclerosis was found although adenoma sebaceum was not piesen • 


SURGICAL CONSIDERATIONS 

Atrial Myxoma .—Six of the 11 patients having had previously successful^ 
sections were operated upon with the use of extracorporeal circulation an o 
hypothermia. If a myxoma is found at the time of exploration ioa&P® ^ 
conventional mitral commissurotomy, as was the case in the majonty 0 ^ 

atrial tumors, a decision must be made whether to proceed with remou 1 ^ 
hypothermia induced at that time or to excise the tumor at a su 
operation with the aid of a pump-oxygenator. The patient’s con l 
mitting, our choice would be to use extracorporeal circulation. ' ^ rc . 

comfortably permitted the 30 minutes of intra-auricular operating 1 ^ ^ 
quired hi’ each of the 2 reported cases. In both instances more opeia n) =^ ^ 
within tlic heart was necessary than the brief period required to vein 
tumor. In Case 1, repair of the atrial septum and, in Case 2, lepan ^ 
septum and adjacent inferior vena cava were necessary after excision^ 
attachment sites. Excellent operative exposure in both cases i' e ^ ce _ 
the use of a bilateral transverse thoracotomy 7 in the third mterco^ 

The supine position is to be recommended as it avoids turning ^ 0JlC 
which has produced fatal valve occlusion on the operating table in a ' t ^gters 
instance. 21 Cannulation has been readily 7 performed by 7 inserting 1 j n(0 
through the auricular appendage and passing them alongside the ty 1 ™ 0 ’ ‘ ^ t j lC 
the venae cavae. Since nearly all myxomas arise from the vicuu . 
foramen ovale, the site of the origin can be sought for in this area an < 
of atrial septal wall excised with the tumor. Pathologic examina mn^ ^ 
site has shown a superficial attachment without invasion of unc ci 3 0 f 
cardittm. Precautions to avoid air embolism during cardiotomy cc ® ^ aI! d 
rotating the operating table so as to place the atrial opening' ttpp ” aor ta 
filling the chambers with blood or saline before closure. The asce 
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was cross-clamped and the heart stopped in Case 1 to produce a dry heart and 
for prevention of systemic tumor embolization. One reported patient has died 
as a result of extensive arterial tumor embolization.- 2 

Rhabdomyoma .—Cannulation and perfusion for resection of the obstruct¬ 
ing rhabdomyoma tissue in Case 3 did not require special considerations. Ade¬ 
quate decompression of the outflow tract resulted from excision of abnormal 
tissue so that a “patch” in this area was not necessary. If the popular patho¬ 
logic concept of this lesion holds, namely that the tumor is a developmental 
abnormality or hamartoma, surgical treatment probably need only consist of 
excision of obstructing tissue rather than resection of the entire tumor. The 
latter would not have been consistent with survival in our patient because of 
the extent and location of the tumor. There is evidence to indicate that a 
rhabdomyoma may undergo involution, as represented by the findings of fibrosis 
and calcification in some of the necropsy cases 23 as well as in our patient. 
The over-all result in our patient may more likely he dependent upon the pro¬ 
regression of the tuberous sclerosis which is believed to be present, rather than 
the cardiac aspects of the case. 

SUMMARY 

1. Primary cardiac tumors were considered a pathologic curiosity until the 
development of open-heart surgical techniques. The most frequently encoun¬ 
tered tumor is the myxoma which arises in approximately three fourths of the 
eases from the left side of the atrial septum. Symptoms and findings of mitral 
stenosis or insufficiency may be produced by a left-sided tumor and closely 
resemble those of rheumatic valvular disease. Changing murmurs, positional 
aggravation of symptoms, refractory heart failure, and history of arterial em¬ 
bolization in the presence of minor cardiac findings are clinical features which 
may assist in the differentiation. Chest roentgenograms, the electrocardiogram, 
and cardiac catheterization support a diagnosis of disease at the mitral valve 
but positive identification depends upon angiocardiography. 

2. Right-sided atrial myxoma is most likely to be confused with lesions 
Producing a high right atrial pressure, such as rheumatic tricuspid stenosis, 
intractable arteriosclerotic heart failure, constrictive pericarditis, or Ebstein’s 
malformation of the tricuspid valve. Here again, positive diagnosis depends 
upon use of angiocardiography. Two patients are presented who had success¬ 
ful removal of right atrial myxomas using cardiopulmonary bypass. One pa¬ 
tient demonstrated a right-to-left shunt preoperatively which was most pro¬ 
nounced in the left lateral position. Shunting occurred through an interatrial 
septal defect. Approximately 30 minutes of extracorporeal perfusion were re¬ 
quired in both cases to remove the tumor, excise the site of septal attachment, 
and repair the resulting defect. The myxoma characteristically has a super¬ 
ficial attachment without invasion of the underlying myocardium and most 
likely is a neoplasm rather than a thrombus. 
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3. Primary rhabdomyoma of ilic lieart lias heretofore been described as a 
rare incidental necropsy finding in infants. The tumors are uncncapsulated 
and may be multiple or solitary. They have been found in association with 
tuberous sclerosis, adenoma sebaceum, and visceral hamartomas and are re¬ 
garded as a developmental abnormality rather than a true neoplasm. A case is 
reported in which a ventricular septal rhabdomyoma produced outflow tract 
obstruction in the right ventricle. The obstructing portion of the tumor was 
successfully excised during cardiopulmonary bypass. The patient, a child / 
years of age, exhibited some of the signs of tuberous sclerosis. Preoperative 
diagnosis and surgical treatment of primary cardiac rhabdomyoma have not 
previously been reported. 

ADDENDUM 

Since submission of this manuscript, a report of four additional excisions of myxomas 
with three successes has been brought to our attention. Two of these tumors arose in t e 
left atrium and one in the right atrium. (Cooley, D. A., Morris, G. C., and Safub, .< 
Cardiac Myxoma. Surgical Treatment in Four Cases, A. M. A. Arch. Surg. iS: 410, 1 o ■ 


9. 

10 . 

11 . 

12 . 

13. 

14 . 

15. 

16. 

17. 

18. 

19 . 
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DlSCUSSIOX 


DR. DWIGHT E. HABKEX, Boston, Mass.—I should like to make four comments based 
on this interesting discussion of Dr. Taber and Dr. Lam. 

Tiie first point is statistical and prompted by experience with our seven intracardiac 
tumors. Three patients were encountered before open surgery was available. All are dead. 
Four were encountered with open surgery available, and all are alive, presumably cured. 
Statistics about cardiac tumors are difficult to remember but by putting handles on them it may 
help you as it helps me. At autopsy, in generalized carcinomatosis, there is a 2 per cent 
cardiac involvement. This is often extracardiac. Of so-called intracardiac tumors, 75 per 
cent prove to be thrombi. Seventy-five per cent of true intracardiac neoplasms are myxomata. 
Seventy-five per cent of myxomata are in the left auricle. 

This leads me to the second point: namely, if we have a lesion commonly located in the 
left auricle, and most of our reported clinical cases are on the right side, we are obviously 
missing most of them. The dominant location of these tumors found in the autopsy room, 
versus the clinical experience, makes this clear, so our index of suspicion and diagnosis must 
be higher. 


This stimulus to suspicion may stem from intermittent symptoms, postural symptoms, 
intermittent murmurs, persistent low grade fever, or multiple emboli. Of course emboli that on 
removal show myxoma constitute the absolute diagnosis. Angiocardiography may also be very 
helpful when one is suspicious. 

Furthermore, if our colleagues in the catheter laboratories are alert to the possibility of 
tumor, particularly now that they are using transseptal catheterization tecliniques, we will 
suspect more of these tumors. At catheterization, as the septal needle is passed, no auricular 
fracings can be obtained. This makes one think of tumor. In fact, two of ours have been so 
suspected recently. 

The third point I want to make is teclinical. Most of these tumors are in the left auricle 
and they arise from the fibrous septum. We know where they are and how to get at them. 
The simple way is through a right thoracotomy and the right auricle. The septum is incised 
and the pedicle visualized. It can then be picked up very much as one picks up the stem of 
a bunch of grapes. 

By excision of the base of the stem, in fact the pedicle, we can lift out the tumor much 
more simply than if we go in through the left side. We must remember that we are going for 
game; that this operation is for cure. Therefore tliis invasive tumor can be cured onlv bv 
"ide excision of the base and then repair of the septal defect that we have created. 

The fourth point concerns policy. If we discover a tumor in the course of exploration 
for mitral stenosis, we should withdraw for a later open-surgical extirpation. In dosing the 
left auricle after the exploration, great care must be exercised to avoid reducing the size of 
'he chamber of the auricle. Even tying off the base of the appendage may compromise the 
size of the auricle enough to cause prolapse of the tumor into the mitral orifice. 

Finally, familiarity breeds success, and Dr. Lam and Dr. Taber have increased our 
xamiliaritr with tumors of the heart. 


, . “ K - BE ^S°X B. BOB, San Francisco, Calif.-Dr. Taber is to be congratulated for a 

valuable contribution to this interesting subject which has now grown in importance and in 

2 "“™' mia&inC th ° combined experience in this room would now probablv amount to 
'veil over 100 cases, since we are more familiar with open-heart techniques. 
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I ■would agiec that the use of the pump oxy genator under direct vision is the route of 
choice for dealing with these lesions, but it docs not alwajs provide all the answers, and it is 
not alwajs immediately available in acute situations Two of our patients in recent experience 
illustrate these points quite dramatically 

(Slide) This tumor was discovered in a middle aged woman during exploration for 
supposed mitral stenosis, and, as jou can see from the si/e of the lesion, it was too large to 
remove through the atrial appendage. It was mj intention to withdraw and reapproach this 
patient under direct vision, but the general exploration caused it to become dislodged and free 
floating in the auricle. Therefore, cverj time the finger was withdrawn, total occlusion oc 
curred We were faced with the proposition of letting her die from the occlusion or of ev 
sanguinatmg in the attempt to remove it 

We chose the latter course, and the patient developed ventricular fibrillation This b 
what saved her, because the evsanguination was not complete; the arrested circulation permitted 
us to close the atrial tear, to institute cardiac massage, to replace the blood loss, and to de 
fibrillate the heart. The patient went home m 8 dajs after an uneventful recover} (Laughter ) 
The second patient was a small child with an iliac embolus from a tumor, and tie 
diagnosis was made lustologicallj from the extracted embolus Armed with our experience in 
the first case, we approached the lesion under direct vision, having dehberatelj in uce 
ventricular fibrillation before opening the left atrium. AA'e were delighted to have done o, 
because wc encountered a large tumor which occupied nearlj the entire atrial cavity and true 
had the consistency and fnabihtj of jellied consomme Thus, we would have induced ur 
and probably fatal emboli, had the heart not been inactive. ^ 

The purpose of my discussion is to suggest the necessity of having availab c, in 
operating room, methods of inducing ventricular fibrillation in unpredictable circums an 
sucli as the encountering of clots or tumors which may cmbolizc 


DR EARLE B MAHONEY, Rochester, N Y — I use not to present our 2 
show you, if the projection will work satisfactorily, the angiocardiogram on 1 o 1C ^ 

This patient had a right atrial myxoma, which presented as tricuspid stenosi 5 , an " ^ 

that seeing tins pedunculated tumor during angiocai diography presents a vivid picture 
pathophysiology 

(A moving picture was shown ) through the 

I think you can see in this paiticular patient that the tumor is prolapsing ^ ^ q 
tricuspid valve and extending up into the outflow tiact of the right ventnclc 1 ^ 

very' large tumor, which was primarily in the ventricle, extending down into it by 
pedicle, as was shown by' Dr Tabei j e aI1( ] 

The second was attached by a very short pedicle to the region of the foramen 
this one is swinging just like a pendulum, first through the atrium, through the tncu p 
and into the v entricle, back and forth w ltli each cai diac cj clc 


DR EGBERT H FELL, Chicago, Ill —Dr. Lam said some time ago when he 
discuss this paper that he hoped it would flush out the experiences that the mem j, in g 
Society' have had with mtracardiac tumors I believe he and his associates are a 
their objective nhoffl, 1 

I had the privilege in July, 1954, of seeing Professor Crafoord’s patient i Dn ^ an j 
believe, the first successful mtracardiac tumor was removed from the left atrium 
Dr Sennmg are to be commended for this aelucv ement important 

AVe have had 2 patients with mtracardiac tumors and they have taught us t" 0 ^ 500n 
facts. (1) If one explores and finds an mtiacardiac tumor, it should he remove Ka t is fnc 
possible with the aid of extracorporeal circulation 2 Tumors m the left atrium ■ 
torily and, we believe, more easily removed through the right atrium Alahonev, 

This slide shows a large pedunculated tumor, much like the one shown by j] lC 

but it contained considerable calcium, thus, an angiocardiogram was not necc t0 

fluoroscopic examination revealed the tumoi moving with the blood flow, and i ‘ ^ punl j, 
bo attached to the lateral wall of the right atrium This was before the days o 
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oxygenator and we attempted to remove it with the aid of hypothermia. We did not because 
the heart went into ventricular fibrillation resulting in great difficulty in restoring normal 
function. 

Six months later when we attempted again to remove the tumor we found soft granula¬ 
tion tissue had covered the previously smooth surface. Exploration and manipulation of the 
tumor caused the soft granulations to break off, resulting in multiple pulmonary emboli and 
death. The next two slides show the gross appearance of the tumor with its granulations and 
the photomicrograph that is diagnostic of a rhabdomyoma. Some pathologists believe that this 
tumor is caused by a glycogen storage disease. 

This slide shows a pedunculated myxofibroma much like the one discussed by Dr. Taber 
and Dr. Lam. It was removed a year ago and we first found it at exploration of the left 
atrium, believing the patient had mitral stenosis. As I was putting my finger in tlie left 
atrium my intern asked, “Have you ever felt a ball-valve tumor?” I replied, “I’m feeling 
one now.” Two weeks later the tumor was successfully removed through the right atrium. The 
atrial septum, at the level of the foramen ovale, the site at which the tumor was attached, was 
excised, this large tumor was delivered, and the septum was then repaired. This microscopic 
slide revealed this tumor to be a myxofibroma. 

We believe, with the aid of the heart-lung machine, tumors in either atrium are best 
and more safely removed from the right side. 


DB. CLABENCE CBAFOOBD, Stockholm, Sweden.—My thanks to you, our President, 
for calling on me, and to Dr. Taber for mentioning my name in connection with this matter. 

I just want to raise one point in connection with Dr. Harken’s discussion. I think it is 
not wise—I would warn—for tlie transseptal or direct puncture and catheterization of the 
left auricle, because these tumors are very friable, and catheterization of the left atrium might 
give rise directly to embolization. 

I think, if it is necessary for a diagnosis to make an angiocardiogram that it is best 
made selectively from the pulmonary artery, as we did in our case. 


Dr. JOHN Y. TEMPLETON, III, Philadelphia, Pa.—I wish to present another case of a 
right atrial lesion which we thought was somewhat unusual. It occurred in a 37-year-old woman 
"no had had a hysterectomy for a fibroid tumor several months before, at which time her 
heart was quite normal. Subsequently she developed episodes of syncope and very bizarre 
changing heart murmurs. This led the clinicians to suspect an intracardiac tumor, and this 
is shown in the right atrium on the first slide. 

(Slide) I think the filling defect which one sees here lying in the right atrium is quite 
evident. 


Further investigation disclosed that she had a severe thrombocytopenia, and efforts were 
made to improve this with corticoids, etc. During this period of therapy she developed a left 
lower lobe infarction. She failed to respond from the standpoint of her thrombocytopenia and 
splenectomy was done. Her infarction cleared to some extent, and the sputum diminished. 

She was operated upon with the purpose of removing this right atrial myxoma. We found 
that there was the knob-like projection that one sees on the angiocardiogram, but this arose 
from a solid mass extending upward from the vena cava. We found a lesion in the aorta 
which looked quite similar to that which Dr. Longmire has described. 

(Slide) This mass was divided below the renal veins and the distal portion removed by 
virtue of a great deal of traction. One can see that this portion is intact on this side On 
this side, however (indicating), it is obvious that fragments of clot have been left behind. 

Having removed the lower part, we then returned to the atrium and easilv removed the 
earlier lat tllCrC ' T1 ' e aPPeared raee P t for th!s &*tal Portion which I showed 


lying 


This slide demonstrates the 
up in the atrium, and the 


extent of the lesion. One observes this knob-like projection 
extension well down below the inguinal ligament on one side. 
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Unfortunately, altiiough tiie patient's immediate postoperative condition was quite satis¬ 
factory', she died in right ventricular failure. Autopsy examination disclosed a great deal more 
of this process which involved the pulmonary arterial system on both sides. It was to this 
further extension, more than we have shown here, that her dcatli was attributed. 

The pathologists have diagnosed this as an organized thrombus, and it is probable that 
this is where her platelets went. 


DR. TABER (Closing).—To confuse the issue even further, here is a slide showings 
pedunculated rhabdomyoma which, prior to seeing Dr. Fell’s case, I didn’t realize could be 
quite so polypoid. This was one in an S-wcek-old child who died following catheterization. 

I would like to thank Drs. Harken, Roc, and Mahoney for their eloquent emphasis of 
the points involved in these problems. Probably the biggest problem confronting the surgeon 
is the decision which lie has to make when confronted by this tumor at the time of mitra 


commissurotomy. Three fourths of them have been diagnosed in this manner. 

We would like to use an open operation, if possible. If a tragedy happens, such as t ie 
breaking oft' of this tumor , as Dr. Roe demonstrated, obviously the thing is going to have 


be removed at that time. . ^ 

The other point that I might mention is in regard to diagnosis—it seems to me t is is ^ 
area in which we need to improve our management of cardiac tumors. The surgical tec qa 


are available, if we can just diagnose them properly. . , j 

Angiocardiography should certainly show lesions on cither side. Certainly if ’ 

it is something that can be picked up in this manner. I think it is similar to the s * tuata ^ j 3 
exists with other uncommon cardiac lesions—for instance, constrictive pericarditis w 1 
usually called something else before the surgeon sees the patient; and therefore, we > aT 


cognizant of this lesion in evaluating this kind of patient. 



VASOMOTOR REGULATION DURING EXTRACORPOREAL 
CIRCULATION AND OPEN-HEART SURGERY 

Paul W. Sanger, M.D., Francis Robicsek, M.D. (by invitation). 

Frederick H. Taylor, M.D., Terry T. Rees, M.D. (by invitation), 
and Robert E. Stain, M.D. (by invitation), Charlotte, N. C. 


'"There liave been scattered observations published in recent literature re- 
garding extracorporeal circulation which indicate that the importance of 
the vasomotor tone is being recognized. Galetti and associates 8 described 
spontaneous” shifts in the blood volume between the patient and the oxygen¬ 
ator. Similar observations were made by Waldhausen and associates 23 who 
found this “wandering of blood volume between the patient and oxygenator” 
a constant phenomenon. Blair and associates 2 studied experimentally the 
effects of temporary total circulatory occlusion, and found that the reduction 
of blood flow through the arterial system resulted in dramatic increase of the 
vasomotor tone. They also found that the release of this occlusion resulted 
in a high degree of “overshot” in the arterial pressure, which was taken as 
an index of vasomotor activity. This response was completely eliminated if 
the body temperature was reduced below 28° C. 


A very common but interesting observation was that despite a flow rate 
equal to the calculated normal cardiac output, the arterial pressure was usually 
subnormal during perfusion. 4 ' 13 - 15 - 1C - 17 > 22 Merendino, 15 realizing the signifi¬ 
cance of vasomotor regulation in the distribution of blood flow, advocated the 
use of vasopressor agents in patients with systemic hypertension who were 
undergoing open-heart surgery “. . . in mew of difficulty in obtaining near¬ 
normal perfusion pressures.” Andersen and Senning 1 found the vascular 
system reacting strongly to vasoconstrictors during perfusion and expressed 
,, 61r opmion that the body’s natural vasoregulation plays a dominant role in 
ic magnitude and redistribution of blood flow. Boyd 3 described immediate 
decrease of the cardiac output soon after cardiopulmonary bypass. 

Another common observation during total body perfusion was that, despite 
nstant perfusion rates, the perfusion pressure varied considerably If effort 

read in* a t0 keepthese P ressures at a steady level, the flow rate had to be 
con rl tGd J epeatedl v This indicated significant alteration in the physiologic 
-Jidition of t he vascular system of the perfused individual. ° 
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The purpose of our study is to describe some of these changes and discuss 
their possible clinical significance. 

MATERIALS AND METHODS 

A. Clinical .— 

In an 8-montli period, hemodynamic observations were made during total 
body perfusion on 42 patients who imderwent open-heart surgery at Charlotte 
Memorial and Mercy Hospitals. These patients were divided into categories 
with relation to clinical diagnosis (Table I). 

Table I 


Atrial septal defect (secundum type) 9 

Atrial septal defect (complicated) 6 

Ventricular septal defect 17 

Tetralogy of Eallot . 7 

Others ’ ’ 3 

Total 42 


One hour before surgery the patients tvere medicated with intramuscular 
injections of Demarol, Thorazine, and Chlor-Trimeton. Anesthesia was induced 
wdtli intravenous Pentothal sodium and maintained with a mixture of Fluothane 
and oxygen. Small doses of succinylclioline were administered as required. 

The right anterolateral approach was used in uncomplicated atrial septa 
defects; in other cases the heart was exposed through an anterior longitudma 
mediastinotomy. The right femoral vessels were cannulized for arterial return 
and for the drainage of the inferior caval system. The upper venous drainage 
was accomplished by a catheter inserted via the right auricular appendage 
into the superior vena cava. 

All blood from the venae cavae was drained via a 45 cm. siphonage into t 
extracorporeal circuit, which consisted of a venous reservoir, bubble-tiap, 

He Bakey rotor-pumps, rotating oxygenator, and a filter. The blood aspirate^ 
from the open heart was delivered into a sedimentation reservoir and return^ 
when necessary. The blood in the extracorporeal circuit was kept at nornfl 
body temperatures by an infrared heating system. During the bypass, a 8^ 
mixture of 97.5 per cent oxygen and 2.5 per cent carbon dioxide was introduce 
into the free-exhaust oxygenator cylinder with a flow rate of 10 L>. per numl 

To re-clieck the performance of the heart-lung machine and to decomP^ 
the pulmonary circuit, total body perfusion was started 1 minute belon 
cardiotomy. Blood flow rates, ranging from 70 to 100 c.c. per minute pe 
kilogram of body weight were used for smaller children, decreasing to 50 & • 
for adults. In selected eases, cardiac arrest was introduced using a nux^ 
of potassium chloride, magnesium sulfate, and Prostigmin. Extracorp 0 
circulation was sustained until the cardiotomy incision was completely c ° 
and the heart was beating forcefully. 

Regarding principles of operative indication and surgical manage > 
as well as details of the perfusion technique, these were reported in our w 
published previously on this subject. 20 ’ 21 
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Tlie extracorporeal circuit described was tested experimentally and clin¬ 
ically. Our data were in accordance with that of others, 9, 14> who indicated 
it is highly efficient in gas-excliange and pumping efficiency. The arterial line 
oxygen saturation was an average of 96 per cent and we did not find evidence 
of significant acid-hase imbalance or hemolysis during perfusion. Eighty-four 
open-heart operations were performed on human beings with the rotating disc 
oxygenator in our institute with an operative mortality rate of 10.5 per cent. 
In no ease was death due to insufficiency or mechanical failure of the pump- 
oxygenator. For this reason we abandoned continuous monitoring of blood 
gases or blood pH during opeu-lieart surgery. 

The temperature of the blood was measured with a thermotransister built 
into the “arterial” end of the oxygenator. The revolution/minute ratio of the 
rotor pumps and the rotating discs was indicated on tachometers. Continuous 
electrocardiograms were recorded. 

The central venous and aortic pressures were measured by polyethylene 
catheters inserted through the left femoral vessels. These catheters were con¬ 
nected to strain gauge manometer's and a multichannel oscillograph. The 
venous discharge into the machine and the arterial return to the patient were 
measured and recorded by specially designed flowmeters.’ 6,19 

The total systemic circulatory resistance was calculated using the formula: 

P am P VEi 

1332 


E 


fJL 
\ 60 


) 


in which 


E = systemic circulatory resistance (dyu. sec. cm. -5 ) 

P a ~ = mean aortic pressure (mm. Hg) 

Pm, = mean central venous pressure (mm. Hg) 

F = systemic blood flow (e.c./min.). 

B. Experimental .— 

To obtain observations “undisturbed” by the cardiac anomaly and by the 
heart operation itself, a series of perfusions was performed on doss. 

Healthy mongrel dogs of both sexes, weighing from 12 to 25 kilo scams 
u-ere used for the experiments. Following morphine premedication, they were 
anesthetized with Pentothal sodium and intubated endotracheally. The ventila¬ 
tion during thoracotomy was maintained by a Jefferson respirator. The animals 
were secured in supine position on a special operating table with a built-in 
scale. A right anterolateral thoracotomy was performed. The superior vena 
cava was cannulated through the azygos vein and the inferior cava through 
the right auricular appendage. Otherwise, the perfusion technique closelv 
resembled that for a human being. Cardiotomy was not performed. 

The arterial and central venous pressures, the electrocardiogram as well 
as the flow rates, were continuously monitored. By establishing an equilibrium 
the table scale before the perfnsidh began and b r fclfeJng ttTT™ 
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in body -weight during extracorporeal circulation, information was gained 
regarding the intracorporeal blood volume. In selected cases, blood oxygen, 
carbon dioxide, and arterial pll determinations were performed. 


KCSULTS AND DISCUSSION 

A. Clinical .— 

The first observations in our perfusions on human beings were made on 
the behavior of the arterial pressure. 

\ •""A / 





Fig. 1.—The position of the polyethylene pressure monitoring: catheter and the arteria 

fusion cannula. 


ART. MEAN PRESSURE 



fcein? 5 


Fig. 2.—The changes in the arterial mean pressure in 5 total body perfusions in h 

(unchanged flow rates). 

_ ■ the svsten^ 

In a majority of the eases there was no significant drop m L ^ c ; r . 
arterial pressure during the surgical procedure preceding extracorpoi . 
culation. Despite the fact that the perfusions were started with °' norm!1 i 
equal or, in some cases, even exceeding the values of the calcula e ( j ie 
cardiac output, the arterial pressure was below the normal in mos „ 
perfusions and the operations were performed under unwanted hypo 
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In our early cases, by increasing significantly tbe flow Tates, efforts "were 
made to keep the arterial pressure on pre-perfusion levels, but, later, seeing 
no harmful effects of relatively low arterial pressures (in the presence of 
normal flow rates), we kept the blood pressure in the femoral artery approx¬ 
imately at a value of 55 mm. Hg. 

Abnormally low arterial pressure in the presence of normal blood flow 
strongly suggests a significant degree of vasodilation immediately at the be¬ 
ginning of the extracorporeal circulation. A dynamic error, however, may 
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. F'CT- 3.—The changes in the systemic circulatory resistance in 42 human total body oer 
fusions. The 0 line rives the mean value measured during the first 4 minutes ot the cardio¬ 
pulmonary ,bypass. Each dot represents a circulatory resistance determination expressed m 
deviation of this value. 1 


also play some part; namely, the opening of polyethylene pressure tap posi¬ 
tioned in the direction of the blood stream. Because of the Pitot-effect, 7 there 
155 a possibility that the measured values (P') were below the level 'of the 
actual lateral pressure (P), depending on the velocity (V) 0 f the blood flow 


P' 



he 


Calculations and experimental data indicate that this mechanism could 
only partially responsible for the measured abnormally low values, and initial 
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vasodilatation plays a more important role. This is supported by the fact 
that in animal experiments the decrease of the arterial pressure was accompanied 
by a simultaneous increase of the intracorporeal blood volume. 

Because of the close relationship between flow rate and perfusion pressure, 
the intra-arterial pressure as isolated data can be evaluated only in the presence 
of unchanged flow rates. 

Pig. 3 shows that changes in the arterial pressure were observed in 
practically all cases; however, there was a wide individual variation. Usually 
there was an initial drop in the first few minutes; thereafter, the pressure 
tended to return to the starting level and, in several cases, exceeded it. In 
prolonged perfusions, especially in those connected with difficulties in the 
surgical repair, the pressure tended to decrease again. 
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i'i V 4.—A monitoring: curve of a patient during- cardiopulmonary kyp&ssvenous 
surgery. The improperly selected venous outflow catheters caused an abnormally pressure 
pressure during the entire perfusion. Note that despite the narrow arterioveiw 
gradient, the flow rate is satisfactory. AIF, arterial inflow: YOF, venous ouuw.v. 


Naturally extreme changes in the arterial pressure were prevented b} r ' 
adjusting the flow rate. _ ^ 

The venous pressure, which we regard as the most important guide in ^ 
post-perfusion period, remained relatively stabile during perfusion. ^ 

patient is connected to the extracorporeal circuit, the venous pressuie^ ^ 
determined by two factors, the flow rate and the outflow resistance (P ^ 
both of which are regulated mechanically. This means that in the a ^ ^ 
extreme flow rates, the central venous pressure is merely dependent 
venous discharge system (length and diameter of the tubing, size of ca ^ ^ 
siphonage, etc.), rather than the reflection of the dynamic condition 
vascular system. 
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In all cases in which the perfusion exceeded 5 minutes, the systemic cir¬ 
culatory resistance deviated from the starting level. This indicates alterations 
in the dvnamic capacity of the vascular bed. arteriolar dilatation, or opening 
of the arteriovenous ‘‘short-cuts. ’ The change in the systemic resistance 
varied from moderate to very significant. 

The results above show, in the majority of cases, an early vasodilatation, 
which was replaced by an increase in the resistance (vasoconstriction). In 
some of the patients this vasoconstrictive phase was followed by a second 
vasodilatation, usually more significant than the early one. 

We had especially interesting experiences in three perfusions. Because 
of the small size of the venous catheters and inadequate siphonage, the venous 
pressure remained extremely high during the entire cardiopulmonary bypass. 

SYST CIRC 
RESISTANCE* 

133 cm-5 

ISO 


0 12-^4 

PERFUSION HOURS 

5 —Changes in the systemic circulatory resistance during prolonged perfusions in dogs. 

Despite the very narrow arteriovenous pressure gradient, we had no difficulty 
m perfusing the patients with normal flow rates. This indicates a high degree 
of vasodilatation and an efficient adaptation of the vascular system to the 
abnormal situation. 

B. Experimental .— 

1. Effects of prolonged perfusions: The early hemodynamic effects of 
total cardiopulmonary bypass in dogs were quite similar to those observed 
m perfusions of human beings. There was an early phase of vasodilation 
characterized by decrease in the arterial pressure and systemic resistance 
followed by a vasoconstriction witli elevation of the arterial pressure and 
systemic resistance. The degree of this response varied considerably. In many 
cases it was intermittent with temporary relapses. 

The behavior of the intracorporeal blood volume was peculiar. Because 
the inflow rate was kept constant during these experiments, the dogs were 
“free” to take up or give off part of their blood. At the beginning of the 
Perfusion most of the animals took up several hundred cubic "centimeters of 
blood from the extracorporeal system. This was usually followed by repeated 
shifts in the blood volume from the oxygenator and vice versa 
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As time passed, usually more and more blood was retained in the animal. 
The fact that this happened in part of the experiments without decrease of 
the systemic resistance or increase of the central venous pressure suggests that 
the storage of this extra amount of blood was static rather than dynamic, and 
it was sequesti'atcd in the portal system (Dow) or in other “side-tracks” and 
did not take an active jJart in the circulation. 

It has been our experience that dogs tolerate prolonged cardiopulmonary 
bypass poorly, and sooner or later they go into a shock-like condition. Similar 
observations were made by other’s who gave different explanations, for example, 
multiple embolization, bacterial toxemia, absence of the pulsatile flow, anaphylac¬ 
toid reaction, to name but a few. 5, c ’ 10, 24 

CHANGES IN INTRACORPOREAL BLOOD VOLUME 
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Fig. G.—Changes in the intracorporeal blood volume during prolonged perfusions 

Because our study was limited to the simple documentation of th e ^ 
dynamic events, rather than to the investigation of their origin, we 
attempt to prove or disprove any of these theories. It is our im P ^ eT . 
however, that higher vasomotor centers play an important—primary 01 
polated—role in the development of perfusion shock and in the regu < 
vascular tonus during perfusion in general. 

"We came to this conclusion on the basis of the following 
nificant drop in the arterial pressure and s.vstemic resistance 
ceded by abnormal changes, in some eases complete flattening t ffaS 

gram, (b) By closing off the oxygen flow to the oxygenator, hyP°-'^ ^ 
induced. The arterial pressure fell simultaneously with the flattenmg^^ 
electroencephalogram. If the oxygen flow was reopened within 3 to ^ 
the electroencephalogram returned to the normal and the arteria P 


facts: (a) Slg ‘ 
was usually P^ c 
if the encephala- 
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rose again. If this hypoxia persisted long enough to cause an irreversible 
damage of the central nervous system and final cessation of the brain electric 
activity, the animals went into a permanent shock-like condition characterized 






fLOtV 




Fi- 9 —Total bod> perfusion in a dor Effect of prom-essice i,™,!, „ , 

The arrow indicates the point where the oxyeen flow to the oxvIV-nVio^V?-.,''^ re ~°V>'penation. 
the decrease in the arterial piessure and flattening of the Vnr" eD » f tie ,f s turned off. Note 
reopened (marked by double-arrow) the EEG returned to the nnrmofb , 1 \ e *, OXJ ' Ren flo ' v "'as 
Pressure rose again “ to Ule normal and the arterial blood 

by low arterial pressure, low systemic resistance, and increase of the intm. 
corporeal blood volume. 

2 - Certain pharmacologic effects: The administration of vasoactive agents 

- dgorons tano 

ciro^Sa “f » f «* 

Of arterial hypertension. leS1Stance and a Mgh degree 
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Other hemodynamic effects of the administration of Adrenaline vrere: 
increase of the venous outflow from the animal, temporary increase and then 
decrease of the venous pressure, and decrease of the intracorporeal blood volume. 
AVe suppose that in the production of these effects the emptying of the static 
blood reservoirs of the body (spleen, etc.) may also play some role. 
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Fig:. 10—Total body perfusion in a dog:. Effect of intra-arterial injection 
Note the extreme increase in the arterial pressure (AP), increase in the venous 
and model ate decrease in the arterial inflow (AIF), 


of Adrenaline 
pressure (vrji 



Fig: 11—-Total body perfusion in a dog: Effect of intra-arterial injection o e could 
Note the drop m the aitenal pressure (AP) The original level of the aiteriai p* outflow J 
not be restored even by increasing the arterial inflow (AIF) threefold VUf, 

BY blood volume, VP venous pressure 

* 

Chlorpromazine (Thorazine), 1 mg. per kilogram, injected into the ietu ^ 
line caused a marked fall in the sytemic resistance and arterial presstue 
a moderate increase in the venous pressure and intracorporeal blood vou 
These effects were of long duration and the arterial pressure did not return ^ 
the initial level even by increasing the flow rate threefold. The arterial pi css j 
however, did not fall below 50 mm. Hg and the arterial oxygen satm a 10 
remained unchanged. 
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C lini cally, it might be important to note that the annuals given Thorazine 
did not show any further significant fluctuation in arterial pressure and sys¬ 
temic resistance; however, their intraeorporeal blood volume still increased 
during prolonged perfusion. 

3. Hemodynamic effects of excessive flow rates: Using progressively in¬ 
creasing flow rates we found the vascular system of the dog highly adaptable. 
The common denominator of this reaction was vasodilatation to the increase 
and vasoconstriction to the decrease of blood flow. This response, however, 
had its “lower” and “upper limits.” For simplification we accepted a flow 
rate with a value of SO c.e. per minute per kilogram of weight as an arbitrary 
normal. With perfusion of the dogs with this rate, as mentioned previously, 
the blood pressure remained on a somewhat normal level. 

EKG ______________ 



Fifr. 12.—Total body perfusion in a dog-. Effect of progressively increasing flow rates 
•Note that despite the significant increase in flow (pulsating curve), the pressure in the femorai 
artery remains practically the same. 


The diminution of the flow rate below this value caused only a moderate 
or no decrease in the arterial pressure but a marked increase in the systemic 
resistance. The further diminution of the flow rate caused a collapse of this 
adaptation with marked pressure drop and no increase in the resistance. 

The fact that Adrenaline caused elevation of the blood pressure even in 
this situation, indicates that vasoconstriction at low flow rates is not maximal 
Flow rates moderately higher than normal did not raise the arterial 
pressure. In some experiments the flow rate was increased twofold without 
causing a significant pressure elevation. This could be explained only by an 
immediate diminution of the systemic resistance. Further elevation" of flow 
rate caused increase in the arterial and venous pressures, additional decrease 
of the systemic resistance, and increase of the intraeorporeal blood volume 

Finafly, at extreme flow rates, a significant outflow deficit developed with ar 
tenal and phlebohypertension and fixed systemic resistance. This could be 
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attributed to the possibiltv tliat tlic dilatation (distention?) of the vascular tree 
reached its maximum and at these flow rates it behaved as a rigid system. 

4. Effects of constriction of the venous outfloiv: To study the time clement 
in the vasomotor response, experiments were performed in which the renons 
outflow from the animals was suddenly constricted. This caused a progressiie 
and rapid increase of the venous pressure and intracorporeal blood volume, 
moderate increase in the arterial pressure, and an immediate drop in the 
systemic resistance. 
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Fig 13—Total body perfusion in a dog Effect of pi ori e<tsi\cly mcreaslnK ou t/]o« 
Tiie mcieaso in the nrtoilnl inflow l A IF) causes piogrest-ne incicase in tue case s 

(VOF), blood \olume (BY), venous pressure (VP) Note tliat tbe arterial J’ r ®®®f 1 frtionaHj to 
onlv at extreme flow latcs, and the artorio\ enous pressure difference decreases piuiv 
tlie increase in the arterial inflow 


Within a short time, the venous pressure reached extremely high e ' c 
If at this time the constriction was suddenly released, the reverse of the P ie ' 
chain of events occurred with high venous outfloiv rates and progress^ e r 
of the venous pressure and blood volume to the pre-occlusion levels. 

The arterial pressure behaved in a peculiar manner. Immediately 
the release of the occlusion, the pressure dropped below the pre-occlusion > 
and then returned to this value. The possible explanation for this phenomc 
follows. 

The occlusion of the outflow caused a circulatory overload and an inunedu 
vasodilatation (distention?) of a high degree. After the constriction va ® 
leased and the overloaded vascular system drained, a sudden discrepancy^ 
veloped between the unchanged flow rate and the maximally dilated ^nse 
system. The return of the arterial pressure to the pre-occlusion level m 
the re-establishment of the vascular tone and pressure flow-resistance eqi 
riuin. 


SUMMARY 

-i » +}i ore 

Observations made during open-heart operations indicate tnat . n 
changes of unknown origin in circulatory dynamics during total body P er 
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Fig. 14.—Total body perfusion in a dog. Effect of the constriction of the venous outflow 
line. The constriction is followed by a decrease in the venous outflow (TOP), increase in the 
venous pressure (YP), increase in the intracorporeal blood volume (BY), and increase in the 
arterial pressure (AP). The release of the constriction causes a temporary' drop in the 
arterial blood pressure below the starting level. Arterial inflow (AIF) unchanged. 



resi c tFi g - IS-—Total body perfusion in a dog. Effect of the increase in the venous outflow 
«„! stance (Progressive elevation of the venous outflow reservoir). The arterial nressure (AT>\ 
increase 8 only after the decrease of the venous outflow (VOF). VP, venous Drp<?snrp • rv 
blood volume; AIF arterial inflow. ' pressure, a V 



16 -—Total body perfusion in a dog Effect nf tv,- 
inflow; VOF, venous outflow; VP, venous pressure ° 4 Y erperfusion - AIF, arterial 

increases only moderately, and there is no change* in um? r the arteria -l pressure (AP) 

start!ng S °evel. tempor£Lry <*op in the arterial pressure af^r" the‘flow^7 /^^^^0 The 
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Tlie perfusion pressure fluctuates despite unchanged flow rate; on the other 
hand, if efforts are made to keep this pressure constant, the flow rate has to 
be readjusted repeatedly. There are also unexplained shifts in the blood 
volume from the patient to the extracorporeal circuit and vice versa 

To investigate these phenomena the authors studied the hemodynamics 
during complete cardiopulmonary bypass in 42 perfusions of human beings 
and in a series of animal experiments. 

Despite calculated “normal” perfusion rates, the arterial pressure stayed 
at subnormal levels and varied considerably in most of the human perfusions 
Usually there was an indication of an early vasodilatation followed by* a \aso- 
constrictivc phase. If the cardiopulmonary bypass was prolonged, these phases 
were followed by a second-more pronounced-vasodilatation. 

Animal experiments showed that the circulatory system of the dog reacted 
strongly to pharmacologic agents and to anoxia during total body perfusion. 
Low flow rates caused vasoconstriction with overload of the circulatory system 
by abnormally high flow rates, or, by outflow constriction, they led to marke 
vasodilatation. 
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DlSCUSSlOX 

DB. LEWIS H. BOSHEB, Biclimond, Ya.—We have been concerned with some of the 
problems presented in Dr. Sanger's interesting paper in our efforts to maintain a more 
physiologic perfusion. 

We have recently employed an apparatus constructed by Mr. Jack Edwards which auto¬ 
matically adjusts flow rates to the varying requirements occurring during open-heart surgery. 
It is commonly advocated that the clinical perfusion be conducted on a basis of a constant 
arterial flow rate. Under our present method, employing a closed loop servomotor system, a 
selected arterial pressure is set on the control panel. Any deviation from this pressure causes 
an error signal to be applied to a sensitive amplifying system driving a reversible pump, which 
operates between a transfusion reservoir and a "T" fitting in the venous line. 

(Slide) We have a gauge connected into the patient's arterial system which will then be 
matched against a pressure set on the control panel, so that an error detection is supplied to 
the servomotor system. This energizes the system in such a way that through a sensitive 
amplifying system a signal is delivered to the motor controlling a transfusion pump, which 
13 reversible and can supply blood as well as take it away from the system. If the pressure 
drops below the present level, blood is delivered to the system which restores the pressure to 
that selected by the pump operator. 

The adjustments are rather rapid and accurately made. It is believed that the superior 
performance of this apparatus may be particularly realized in certain difficult perfusions, 
such as those on tiny infants and those in which large blood losses occur from the vascular 
bed of the patient. 

DB. GEOBGE H. A. CLOWES, JR., Cleveland, Ohio.—In many respects the data which 
Dr. Sanger's paper contained provide amplification and confirmation of work which has 
before. B 

Having recently completed a review on the artificial maintenance of circulation—rather 
un extensive one—for Physiological Ecvicws, I should like to pass on to you certain of the 
lemodynamic concepts in relation to perfusion of the entire body which became increasinglv 
mear to me while doing this. It is necessary to consider this in two parts: partial perfmdon 
and m contrast, total perfusion. During the former, the normal cardiovascular remilatorv 
echamsms are at work as shown clearly by Galetti and Brecher. When all the blood returning 
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to the right heart is (Inerted into the e\tracorporeal system to he pumped hack into the arterial 
system, an entirely different set of circumstances exists, as indicated by the early work of Her 
ron, Jesseph, and Mcrindmo and that of Donald arid Moflitt. The normal regulator! reflexes 
initiated within the licait and vessels of the lesser circulation are eliminated 

Because of the limitations of cannulation, blood flows during total perfusion of the whole 
body which are greater than resting basal lalues are seldom attained. Vitlun the range gen 
orally used in this work, the arterial pressure is nearly linear in its relation to the perfusion 
rate. At \ery high rates, when the aortic and carotid depres'-or neries become activated, the 
resistance decreases. At very low flow rates, when hypoxia occurs and catecholamines are 
secreted into the Idood, the resistance increases somewhat. By the injection of ganglionic Hock 
ing agents and Arfonad in the couise of perfusions, Read was able to show that -sa'omotor 
actmty, both intrinsic and neurogenic, plays a part in the maintenance of thi' ia c cular re 
sistancc. This is further influenced by the presence of acidosis and hypoxia as well as 1*} 
damage to blood elements. 

Dui tber, the renous letuin, which is in great measure responsible for the regulation of 
cardiac output under normal circumstances by alteration of lenous tone and shift' of hoo 
from storage aieas, is also directly related to the rate at which an artificial perfusion can # 
maintained. Eien though the pressure in the lcnca cn\ae be Kept constatnt, a reduction of 1 
per cent in blood lolumc causes a 50 per cent fall of icnous return and pump output " 
can lie altered tempoiauly by the injection of norepinephrine which constricts the icnous 
system and increases the pressuie and rate of return. The mtrncoiporcal Wood lolumei 
furthoi augmented by hypothermia 7’hus, it appears that, although the arterial sy stun ^ 
liaies m a mnnnei resembling the noiinal during perfusion, the control of the icnous i 
upset by the absence of the notmnl reflexes initiated by the baiorcccptors m the atm, v 
tildes, and pulmonary scs'cls Thus, it has been stated that during total perfusion the to 
bohaic like a set of distensible rubber tubes. 

Di. Sanger lias presented most inteiesting data showing tlie type of changes 1,1 
dynamics which take place o\er a prolonged pcnod of time during perfusions at a 111 ^ 

rate. Daly, in England, has drawn attention to the incicase of resistance winch lie ha \ ^ 
This, Daly' belicies, is ielated to the iclease of “\asotoiuns” which comes from damage^ ^ 
elements Only late in the course of a prolonged peifusion is tins tiend rcicrscd, a a ^ 
to small lessels and oigans takes place The woik of Dr Sanger and his associates, ^ 
opinion, is of gieat sulue foi its caio in documenting tins phenomenon as well as ' 
mstrumentation employed. 

DR ELTON WATKINS, JR., Boston, Mass —We all hare obsened changes of « 
smnlai to Dr Sangei’s m human peifusion and liaio found that, in Older to niamtai ^ 
wc regaided as adequate piessuies, occasionally no hare to increase How two or ^ or 

gieatei than we expected. For this reason, because of the tiansitory changes m ( 

actmty, or whaterci causes these flow pressuie latio alteiations, we hare utuue 
cautions in om pei fusions. jj e 

Fust, wo like to liaie a large loluino of pruning blood m our machine to gwe us • 
leeway' in pump opeiation when these changes occui. 

Second, wo spend a great deal of time on paitial bypass befoie going on tota ' r ^ sl0n 
oven when things appear to be going well. We may spend 15 minutes doing partin' P c 
Wc find that those changes occui less strikingly aftei a lengthy period of partial ^ ^ 

I’m wondering if we can conclude from Dr Sangei’s data what the mechanism ^ 

real changes are. I’m not exactly clear as to the reason why Dr. Sanger and I ' 10 P° j , n 

will elaborate on it for me—why he belieies that these \asomotor changes may he ce 
origin. The electroencephalograplnc tracings in the slides show changes turn * ,, om j er iu£ 
several seconds after the initial change m the blood piessure tracings, and I am 
which is cause and which is effect m these tracings 
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DR. DAVID LONG. Minn eapolis. Minn.—We hare also been interested in the changes 
that cave been described bv Dr. Sanger and others during extracorporeal circulation. In addi¬ 
tion. vre have attempted to add more to this study bv making some observations oi the micro- 
circulation. or the circulation in the rrecapillary arterioles, the capillaries, and the posteapillarv 
venules. 

We have found that this is probably a very valuable approach to the problem, since, 
actually, the microcirculation is the best rente;ion of tissue perfusion or cellular perfusion 
that vre can assess. Changes that occur in the pressure and peripheral resistance in the large 
vessels are not neeessarilv reSective of changes that occur in the smaller vessels and in the 
capillaries. 

The observations that vre have documented with this type of study have been correlated 
vrith the changes in peripheral resistance: namely, we have found in the perfusion—and particu¬ 
larly during prolonged perfusion—that there is a marked vasoconstriction of the small arteri¬ 
oles. a dosing of; of large segments of the capillary l*ed. and the appearance ox microscopic 
arteriovenous shunts. 

In addition, another interesting observation is that, if the perfusions have been prolonged 
in animals and in patients, there is clumping of red blood cells or intravascular aggregation 
which results in the obstruction of Sow in the capillaries and the postcapillary venules. We 
have found that some of these changes are preventable by administration of low molecular 
weight dextran or dextran of an average molecular weight of about 41.000. The correspond¬ 
ing microscopic changes of ischemia in vital organs, such as the kidney, liver, and heart, have 
•”':u partially or totally prevented. 

DP.. GEORGE MAGOVEEN. Pittsburgh. Pa.—We. too. have observed changes in blood 
pressure during extracorporeal circulation. However, it has !*een our experience that if we 
maintain a normal venous pressure during the perfusion, arterial pressure will not be as vari¬ 
able. 

We have noted on occasion, when maintaining a venous pressure of 7 or S mm. Hg. that 
levering the venous pressure without changing the dow rate or possibly increasing it a little, 
oae can observe a fall m the blood pressure of 10 or 15 points. We believe that by waintain- 
iug a normal venous pressure, we increase the stability of the whole vasomotor system, avoiding 
the fluctuations which were observed by Dr. Sanger. 


DB. AETHER M. YTNEBERG. Montreal. Quebec.—During the past 2 years we have 
!"ecn studying blood volume changes and other hematologic changes both in the animal and in 
c an. part ox our interest ha; lreen stimulated by the question of long perfusion, particularly 
with the aim in mind of supporting circulation in coronary shoe!:. In our experimental work 
we have found evidence of vasoconstriction during perfusion. For example, it has been ob- 
s'-rvwl that there is no urinary output -?5 minutes to 1 hour after a partial perfusion, which 
consists 0 £ withdrawing blood from the femoral vein and returning it to the femoral arterv 
s -tcr it has been passed through aa oxygenator. In this type of perfusion with the chest 
e.’o-ed. We find that the annuals do not do well when more than 20 to 25 per cent of the iota] 
I’lw.i volume is circulated through the extracorporeal unit. We have had onlv 2 animals survive 
a 6-hour partial perfusion, using 25 per cent of their total circulating blood volume. Most 
animals recover consciousness but manifest extreme weakness and die during the night We 
dunk that the same vasoconstrictor mechanism which prohibits urinary secretion may cause 
ischemia of the adrenal gland. There is a possibility that ischemia of the adrenal Mauds mav 
? *»■ due marked prostration which occurs in the animals after prolonged partial 

perms ion. This aspect of the problem is now l-eing studied. ~ i 

DR - R0BIC5EK d!°fmS ) - Firs:. I would like to answer Dr. Boshers remarks We 

' ,VKnt IO coa ^ at f IOr thU I: is our opinion that it is not 

; m ood to overautouuze. ana I trunk we will agree that it is the best m leave the fj word 
k0 *~ie person tv ho monitors tne pump. UiU 
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In answer to Dr. Clowes, I am very thankful for these remarks. We knew most of these 
data from the literature, reported by Daly, Luolany, and Petrovskaia, and it was described 
beforo Daly by Starling. Most of these are well known physiologic facts. 

Wo did not try to rediscover these observations, what we tried to say is only that vaso 
motor activity is going on during perfusions. We didn’t do extensive research as to why and 
what triggers this mechanism, but it is interesting that if we set a constant flow rate for a 
patient, there are significant changes in blood pressure, which vary from 5 nun. Hg to 25 or 
30 mm. IIg. If this is done in dog experiments, inevitably the dogs go into shock after i or 
5 hours of pumping—probably because of hematologic changes, but there are probably a lot of 
other factors as well. We did not investigate these factors. We just tried to describe the 
changes. 


Also, if you put a patient on the pump oxygenator, the blood pressure level rises and 
decreases and rises again, and finally decreases again. So everything indicates that the body 
is doing something. We don't know exactly what it is, but we think and we hope that it 
knows what it is doing. 

Now, regarding the proportions of the flow, it is natural that the arterial pressure finalh 
rises if the flow is raised above the limits, but there is not a direct relationship. One can 
raise the flow in some cases by 50 per cent without having any effect on the arterial pres.ure. 

I think the venous pressure itself expresses the flow more clearly, because primarily the 
pressure is related to the flow and the resistance. The arterial resistance is changeable—e a. ic 
—and has many biologic elements, catecholamines and other things; but the venous pre¬ 
related to the flow and to the mechanical outflow resistance alone. 

Regarding Dr. Watkins’ remarks, we too are fearful people and we have a lot of 
in reserve, close to the heart-lung machine, when we start to operate, and we full} a ^ rce J {(en 
his advice of putting a patient in a partial bypass before starting the full bypass, ery 
we get into some kind of trouble. If it is not perfectly clear when the patient is ove T^ u ^, 
or underperfused, if we leave the pump running in partial bypass, the patient Inmse 
compensates for the changes in blood volume. 
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F or the past 3 years, our group lias conducted an experimental evaluation 
of procedures presently in clinical use for the revascularization of the 
heart. 1 ' 5 We have performed seven different types of operations on dogs. These 
operations were the ligation of the internal mammary arteries, the phenol-talc- 
lingula procedure and its individual components, a phenol procedure, a talc 
procedure, and a lingula procedure, and subclavian and carotid arterial im¬ 
plantations. After the initial revascularization operation, a minimum period of 
3 months elapsed prior to reoperation and measurement of the coronary flow. 


methods 


As controls, 8 dogs have been subjected to a left thoracotomy, opening of 
the pericardium for 1 minute, and then closing it loosely. The chest was then 
closed in routine fashion. 

Ligation of the internal mammary artery -was accomplished by two cut- 
downs just lateral to the sternum in the third intercostal space and ligation of 
the arteries distal to the pericardiophrenic branch. The cutdowns were then 
closed. 

The. phenol-talc-lingula procedure required a left thoracotomy in the fifth 
intercostal space and opening of the pericardium. The epicardium was abraded 
with 90 per cent phenol, as was the inner side of the pericardium. One and a 
half grams of talc was then applied to the abraded epicardium. The lingula was 
tacked over the abraded epicardium and the pericardium was loosely closed over 
d- Tlie chest was closed in routine fashion. 

Each of the phenol, the talc, and the lingula operations was performed in 
the same manner as the phenol-talc-lingula procedure but with only the single 
component carried out. 
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The subclavian arterial implants were performed through a left thoracotomy 
in the fourth intercostal space, and the left subclavian arteiy was dissected free 
for several centimeters and tied. The proximal stump of several centimeter 
in continuity with the aorta had multiple perforations put in its distal segment. 
It was then pulled through a myocardial tunnel fashioned after the method of 
Yineberg.' 1 

The carotid implants were performed with the same method as the sub 
clavian implants except that the carotid artery was dissected out in the neck for 
several centimeters and was then brought through a small hole in the apex of 
the left pleural cavity and placed in a myocardial timnel. The carotid trans¬ 
plant was performed by dissecting the artery free for several centimeters and 



Fig 1—Technique for measuring the coronary flow with modified Folej cathe 


removing it entirely from the neck. It was transplanted in the t 10! ‘ r])(Cll t 
anastomosing it end-to-side to the thoracic aorta and bringing its free se n 
through the myocardial tunnel. Sterile technique was used in all caSCS ' ^ 
After a minimal period of 3 months, the animals underwent 
surgery in order to measure coronary flow by a method previously desc ^ 
our group. 6 Two Sigmamotor pumps and a simple babble oxygena 
used. 7 The animals were placed on total extracorporeal bypass. Bo ^ 
nary hila were clamped to prevent bronchial flow from entering the e gr j e( j 
and subsequently the coronary ostia. A modified Foley catheter w as ^ ^ 

through a small right ventriculotomy into the pulmonary artery and t ie ^ 

was inflated occluding the artery. The Foley catheter was modified y 
tlie tip of the catheter distal to the balloon and by cutting three holes pi°-^ ^ 
to it. The catheter then provided drainage for all the coronary return i 
coronaiy sinus and Thebesian veins entering the right ventricle (Fig- ^ ^ 
The coronaiy venous return was collected in a graduate and SC ^ e y 0 nd 
minute samples were measured. The aorta was then cross-clamped 3 cm. 
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the aortic valve so that arterial blood from the extracorporeal unit could not 
reach the coronary ostia. It was then presumed that all blood recovered from 
the right side of the heart had arrived through collateral channels provided in 
the revascularization procedure. To substantiate this assumption, the channels 
provided in the revascularization procedure were destroyed by stripping ad¬ 
hesions or clamping an implant. If flow promptly dropped to control levels 
that have been determined in control animals, the revascularization operation 
was believed responsible for the additional flow. 

RESULTS 

Fiftv-six animals underwent both the revascularization procedure and the 
evaluation operation. Eight of these animals -with control operations gave us 
our baseline data. At the time of reoperation on these 8 animals, the following 
data were compiled (Table I). 


Table I. Coronary Flow 



AORTA OPEN 

AORTA CLOSED 


DOG NUMBER 

(C.C./MIX.) 

(c.c./min.) 

PER CENT FLOW 

927 

65 

1.0 

1.5 

SIS 

91 

0.5 

0.5 

933 

92 

0.4 

0.5 

S98 

42 

0.6 

1.4 

3061 

130 

0.7 

o.s 

1205 

77 

0.3 

0.4 

1135 

186 

0.0 

0.0 

1424 

51 

1.0 

2.0 

Averages 

92 

0.6 

0.6 

There were S 

animals with internal mammary azdery 

ligations. Of these 

S animals, 2 showed a flow slightly in 

excess of the control animals (Table II). 


Table II. Coronary Flow 



AORTA OPEN 

AORTA CLOSED 

“ 

dog number 

(c.c./min.) 

(C.C./MIN.) 

PER CENT PLOW 

926 

130 

0.85 

0.6 

925 

54 

1.4 

2.5 

903 

80 

2.4 

3.0 

930 

78 

0.8 

1.0 

931 

77 

1.4 

l.S 

932 

55 

0.0 

0.0 

S52 

115 

0.25 

0 9 

S55 

115 

0.5 

0.4S 

___ Averages 

SS 

0.94 

1.2 


The phenol-talc-lingula procedure was performed on 7 animals, 4 of wliieli 
had a flow in excess of control levels (Table III). 

There were six lingula operations. In 2 of these animals there was a 
sizable flow after clamping the aorta. Ac believe this flow was bronchial in 
nature because the left liilum could not be clamped in this categorv I n both 
of these cases there was little change in flow after stripping the lingula from 
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Table ITT. Coronary Flow 



the surface of the heart, indicating that the flow was not coming through the 
adherent lingual. Dog No. 11G7 presented puzzling data in that the coronary 
flow increased after stripping the lingula from the surface of the heart (Table 

IV). 


Table IV. Coronary Flow 



Seven animals underwent a tale poudrage. Only 2 animals in this cate c 
demonstrated a flow in excess of control values (Table Y). 



Eight animals had a phenol procedure performed. Three of these a 
showed flow in excess of the control levels (Table VI). 


DOG 

number 


1132 

1129 

1146 

1163 

1165 


Table VI. Coronary Flow 


AORTA OPEN AORTA CLOSED ADHESIONS 
(C.C./MIN.) (C.C./MIN.) STRIPPED 



II 
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A total of 13 arterial implants were performed. Four of these were sub¬ 
clavian implantations. Seven were carotid implants, and, in 2 animals, the 
carotid artery was used as an autograft from the descending thoracic aorta into 
the left ventricular wall. 

None of the subclavian implants significantly contributed to the coronary 
flow. Only two of these implants were found patent at autopsy. Two of the 
carotid implants provided increased coronary flow and one of the carotid trans¬ 
plants showed an increased coronary flow. Three of the carotid implants which 
did not provide an increase hi flow were found at autopsy to have undergone 
thrombosis. The pulmonary liila were not clamped in the first 8 animals listed 
in Table VII. 


Table VTT. Coeoxary Flow 


LOG AORTA OPEX 

XCMBEII (C.C./MX.) 

AORTA CLOSED 
(C.C./MIN.) 

IMPLANT 

CLAMPED 

DIFFERENCE 

(C.C./MIX.) 

PER CENT 
TLOVT 

PATENT 

IMPLANT 

s.* 799-02 

76 

o.s 

o.s 

0.0 

0.0 

ves 

s. 839 

SO 

i.i 

i.i 

0.0 

0.0 

no 

s. S49 

162 

0.4 

0.4 

0.0 

0.0 

no 

s. 870 

66 

0.1S 

0.0 

0.1S 

0.2 

ves 

c. 939 

134 

7.4 

7.4 

0.0 

0.0 

res 

c. SS9 

109 

6.6 

6.6 

0.0 

0.0 

ves 

e. 9S5 

79 

2.7 

4.1 

-1.4 

0.0 

ves 

c. 962 

128 

0.1 

0.1 

0.0 

0.0 

no 

c. 107S 

133 

4.9 

0.2 

4.7 

3.6 

yes 

c. 1X28 

40 

1.0 

0.0 

1.0 

2.5 

no 

c. 1170 

52 

0.3 

0.0 

0.3 

0.6 

no 

ct. 1251 

93 

11.3 

6.2 

5.2 

5.5 

ves 

ct. UK) 

12S 

2.7 

2.4 

0.3 

0.2 

res 

Averages 

99 

2.S 

2.1 

0.9 

O.S 



*s = subclavian implant; c = carotid implant; ct = carotid transplant. 


DISCUSSION 

In the early part of our series, we did not appreciate the factor of bronchial 
flow. Arterial blood leaves the thoracic aorta through the bronchial arteries 
end, in part, enters the pulmonary circulation and traverses the puhnonarv 
veins entering the left side of the heart. The bronchial flow is then ejected from 
the left ventricle into the aorta and the coronaiy ostia, returning through the 
coronary sinus to be measured by our right ventricular catheter. Although we 
believe that a stimulated bronchial collateral flow may well be a desirable feature 
of revascularization surgery, we feel that the data sought are confused bv 
bronchial factors. For the past year and a half, we have been clamping the 
Pulmonary hila which carry the bronchial inflow, thereby eliminating this factor 
from our results. 

Analysis of the procedures of arterial implantations yielded only 3 animals 
urth a flow in excess of the control levels. Nine animals showed‘onlv sli-ht 
flow or no flow at all. Six of these 9 animals had patent implants at autopsv 
and demonstrated some degree of back bleeding during surgery The patenc’v 
°f an implant does not ensure the fact that it provides increased flow to the 
myocardium. We have also demonstrated excellent filling of the coronaiy 
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vascular tree by means of postmortem angiography through a patent arterial 
implant in a dog which had no increase in coronary flow following an arterial 
implantation. AYc do not believe that postmortem dye injection studies are 
adequate proof of functional success of revascularization operations (Pigs 2 
and 3). 



Fig 


2.—Cross section of \entncle demonstrating a patent 


carotid artery imp)a nt - 



Fig 3 —Dye injection study through patent carotid artery implant 

increase the coronary flow 


This 


in iplant 


did i» ot 


or b> eir 


Following the use of talc and a chemical abrasive like ^ a d- 


combination, excellent adhesions w r ere formed in every case. AVhen 
hesions were stripped, a significant degree of vascularity was observe 


sonrc 
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animals. In other animals the adhesions appeared avascular. We were unable 
to determine a relationship between the type of operation and vascularity of ad¬ 
hesions. The fact that there was a wide punctate ooze from the stripped ad¬ 
hesions did not ensure good flow, and adhesions observed as avascular were 
sometimes associated with excellent flow. 

The clinical need for surgical revascularization of the heart results from 
a type of coronary insufficiency which is difficult to reproduce in the laboratory. 
Accordingly, we believe it is unwise to draw clinical conclusions on the basis 
of laboratory results in this area of study. With the knowledge that coronary 
ischemia acts as a stimulus to the development of coronary collateral flow, 6 ’ 9 
we propose to repeat some of these procedures for revascularization in animals 
whose hearts have been rendered ischemic by a method described by Pearl and 
his associates. 10 

summary 

A 3-year study has been conducted in our laboratory to evaluate various 
procedures in clinical use to revaseularize the heart. These procedures were 
the bilateral ligation of the internal mammary artery, the phenol-tale-liugula 
procedure, a phenol procedure, a tale procedure, and a lingula procedure, and 
subclavian and carotid arterial implantations. 

Our method has been described previously and is briefly restated here. 

Of the 8 animals with bilateral ligations of the internal mammary ax’tery, 2 
showed slight flow. There were seven phenol-talc-lingula operations and 4 of 
^he animals had flow in excess of control levels. There were six lingula opera¬ 
tions, and none of these animals showed significant flow. Seven animals under¬ 
went tale poudrage. Two of these 7 showed flow in excess of controls. Eight 
annuals had phenol procedures aucl 3 had flow above control levels. In 13 
animals, arterial implants were performed. Four of the 13 had subclavian im- 
P ants and none of these had significant flow. Seven had carotid implants and 
only 2 0 f these had appreciable flow. Two had carotid transplants, and 1 had 

significant flow. 

A patent implant does not necessarily indicate a functioning implant. The 
rascnlarity of adhesions is apparentlv unrelated to mvocardial flow through the 
adhesions. * ' 

. ^’ s unwise to draw clinical conclusions from laboratory data in this area 
01 experimentation. 
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vascular tree bj r means of postmortem angiography through a patent arterial 
implant in a dog which had no increase in coronary flow following an arterial 
implantation. We do not believe that postmortem dye injection studies aie 
adequate proof of functional success of revascularization operations (Figs. 2 
and 3). 




3 _Dye injection study through patent carotid artery implant This implant did 

increase the coronary flou 

Following the use of tale and a chemical abrasive like phenol, or 
combination, excellent adhesions were formed in every case. When the a 
hesions were stripped, a significant degree of vascularity was observed m so 



BRONCHIECTASIS 


An Analysis of 240 Cases Treated by Pulmonary Resection 

B. G. Streete, Lieutenant Colonel, USAF (AiC),* and 
John Al. Salyer, Colonel, MC, USA** 

INTRODUCTION 

T his report is based on an analysis of 240 cases of bronchiectasis treated by 
pulmonary resection at Fitzsimons Army Hospital from January, 1947, to 
January, 1958. Cases of associated active tuberculosis or pulmonary tumors are 
excluded. This study deals with the symptomatology, some etiological factors, 
bacteriology, anatomic location, and distribution of the disease, surgical manage¬ 
ment, and analysis of results. Conclusions and some recommendations on this 
important pulmonary pi’oblem, as well as military aspects and facets, are dis¬ 
cussed. Continuous periodic or limited follow-up has been successful in 92.5 
per cent of the cases, and was obtained bj r annual letter questionnaires completed 
by patients, and progress reports from physicians, as well as subsequent clinical 
evaluation of many of the patients at this hospital. 

The diagnosis was established preoperatively by bronchography. Until 
early in l 955 i Lipiodol was employed as the contrast medium; during 1955 
aqueous Dionosil was used and subsequently oily Dionosil has been employed 
and instilled under direct fluoroscopic visualization. Presently, we are of the 
opinion that oily Dionosil has all the advantages of Lipiodol and, in addition, 
disappears from mew on the roentgenograms within a few hours after tracheo¬ 
bronchial instillation. 1 

Bronclioscopic findings were abnormal in 115 and normal in 67 of the 182 
Patients examined by this procedure. Most patients had various ventilatory 
function studies performed postoperatively; the majority had external spiro- 
tnctric determinations and, when considered indicated, internal spirometric 
studies were performed. The patients’ ages ranged from 5 to 52 years, most 
Patients being in their twenties. 


CLINICAL MANIFESTATIONS 

The most frequent complaint was a chronic or intermittent cough; this was 
usually productive of foul, purulent, or mucopurulent sputum, frequently yellow 
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history of tlie disease. As reported in the literature, a history of associated 
chronic, paranasal sinusitis varies greatly in incidence. 0 This review indicates 
that only 12 of the 240 patients complained of having had chronic, paranasal 
sinusitis, although 27 were given treatment for such chronic infection during 
periods of hospitalization when pulmonary resections were performed. The past 
history in several cases gave very good evidence as to the causative event or 
agent; as for example, gunshot wound of chest, aspirations as a result of polio¬ 
myelitis or epilepsy, head injuries with unconsciousness, aspiration of a foreign 
body, and lung abscess. 


PHYSICAL FINDINGS 


A relatively common finding was the presence of moist rales in the area of 
bronchial disease; quite often such rales were demonstrated only on post-tussic 
auscultation. Bales and/or pleui’al friction rubs were found on approximately 
per cent of patients. Clinical records revealed that 53 patients (22 per cent) 
had some degree of clubbing of fingers. Cor pulmonale was not evident by 
physical examination or on electrocardiographic evaluation prior to pulmonary 
1 section in this series of patients. 

Roentgenographic and Laboratory Findings .—All patients had broncho- 
giaphic visualization of the tracheobronchial tree employing the three types of 
'•idiopaque media as mentioned previously. During the past 3 years, most 
Patients have had bilateral stage bronchography performed, that is, the lung 
considered to be involved, or most markedly so, being evaluated first. This 
unilateral method largely obviates subsequent lateral and oblique roentgeno- 
giams in which the bronchi from both sides overlap, and thus reduces the pos¬ 
sibility of misinterpretation of films. It has been our policy to ensure careful 
mg of every segment of each lobe in order that all pulmonary segments could 
)e P ro Perly mapped and evaluated. Distribution of disease, as demonstrated 
by bronchography, is given in Table III. 


' tP 1 - Lobar and/or Segmental Distribution of Disease as Demonstrated by 
dronciiography—240 Consecutive Patients Having Surgical Management 
(Resections Performed as Listed) 


fhglit upper lobe 
U'ght middle lobe 
Superior segment right lover lobe 
‘ gut lower lobe and/or basilar segment 
Lett upper lobe equivalent 
Lingula 

Superior segment left lower lobe 
eft lower lobe and/or basilar segment 
csidual disease, unduly long left lower lobe 
- jroi *cmnl stump plus ectasia lingula 


INVOLVED 


I 


RESECTED 


-T°lal lobes and/or segments* 


on U'C left 
lluht side. 


62 

44 

5 

4 

67 

51 

5 

3 

So 

71 

6 

4 

151 

136 

2 

2 

407 

SIS 


r-ntiems after^ulnicmary 1 resection. broncll °STuphy remained in 69 To?e‘f and)/r 
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or lime green in color, and ranged in volume from 8 to 500 ml. per day. Chest 
pain was rarely severe; it was commonly described as a heavy, dull ache on the 
side which subsequently proved to be the site of the most markedly involved 
pulmonary segments or lobes; quite frequently, the discomfort was pleuritic in 
type. Massive hemoptysis was described or observed in 12 patients, 4 of whom 
required blood transfusions; “streaking” was a rather frequent complaint. 
Twelve patients (5 per cent) were asymptomatic. A comparison is made with 
Ogilvie’s series of 68 patients reported in 1941-—all of whom were symptomatica 
In this asymptomatic group, diagnoses were established after suggestive clues 
were found in routine roentgenograms; generally, such abnormalities proved 
to be collapse of lobes or segments and, frequently, emphysema as the result of 
long-standing disease. Dyspnea was a clinically significant complaint in 20 of 
28 patients who had this symptom; it was not possible to correlate the sub¬ 
jective complaint of exertional dyspnea and the severity and extent of the 
disease as demonstrated on bronchography. We continue to be of the opinion, 
as previously reported, that dj'spnea is usually a late symptom. 3 Twelve pa¬ 
tients entered with the symptoms of acute, respiratory infection. 

Table I. Predominant Symptoms in 240 Patients Having Pulmonary Resection 


I numbep. of patients 
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history of the disease. As reported in the literature, a history of associated 
chronic, paranasal sinusitis varies greatly in incidence. 6 This review indicates 
that only 12 of the 240 patients complained of having had chronic, paranasal 
sinusitis, although 27 were given treatment for such chronic infection during 
periods of hospitalization when pulmonary resections were performed. The past 
history in several cases gave very good evidence as to the causative event or 
agent; as for example, gunshot wound of chest, aspirations as a result of polio¬ 
myelitis or epilepsy, head injirries until unconsciousness, aspiration of a foreign 
body, and lung abscess. 


PHYSICAL FINDINGS 


A relatively common finding was the presence of moist rales in the area of 
bronchial disease; quite often such rales were demonstrated only on post-tussie 
auscultation. Rales and/or pleural friction rubs were found on approximately 
15 per cent of patients. Clinical records revealed that 53 patients (22 per cent) 
had some degree of clubbing of fingers. Cor pulmonale was not evident by 
physical examination or on electrocardiographic evaluation prior to pulmonary 
lesection in this series of patients. 

Roentgenographic and Laboratory Findings .—All patients had broneho- 
giaphic visualization of the tracheobronchial tree employing the three types of 
ladiopaque media as mentioned previously. During the past 3 years, most 
Patients have had bilateral stage bronchography performed, that is, the lung 
considered to be involved, or most markedly so, being evaluated first. This 
unilateral method largely obviates subsequent lateral and oblique roentgeno¬ 
grams in which the bronchi from both sides overlap, and thus reduces the pos¬ 
sibility of misinterpretation of films. It has been our policy to ensure careful 
j of evei 7 segment of each lobe in order that all pulmonary segments could 
,e properly mapped and evaluated. Distribution of disease, as demonstrated 
by bronchography, is given in Table III. 


Lobar and/or Segmental Distribution op Disease as Demonstrated by 
URONCHOGRAPHY—240 CONSECUTIVE PATIENTS HAVING SURGICAL MANAGEMENT 
_ (Resections Performed as Listed) 


Right upper lobe 
r'Sht middle lobe 

Superior segment right lover lobe 
I off 1<nvcr l°he and/or basilar segment 
T ‘. upper lobe equivalent 
Lingula 

Superior segment left lower lobe 
• c lower lobe and/or basilar segment 
esidual disease, unduly long left lower lobe 
-—-— yencmal stump plus ectasia lingula 
—total lobes and/or segments’ 


INVOLVED 


I 


4 
62 

5 
67 

5 
85 

6 

151 


resected 

3 


44 

4 

51 

3 
71 

4 
136 



386 


STREETS AND SALYER 


J. Thoracic and 
Cardiovas. Surg. 


Bacteriologic study in this series of patients was far from complete. The 
results of cultures from bronchial secretions are listed in Table IV. Most mate¬ 
rial for identification of predominant organisms was obtained by bronchial 
aspiration during endoscopic examination. 

Table IV. Bacteriology ox Bronchial Aspirates* 

~ ~ j number of patients - 


Not studied or reported 132 

Streptococcus viridans 49 

Hemolytic streptococcus 44 

Neisseria catarrlialis 36 

Aerohactcr acrogenes 24 


Pseudomonas aeruginosa 19 

Pneumococcus ® 

Beta hemolytic streptococcus ® 

Staphylococcus aureus 3 

Escherichia coli 3 

Nonhemolytic streptococcus 2 

Friedlander’s bacillus 1__ 

•Quite often two and rarely three specific organisms were cultured from a bronchial 
specimen. 


SURGICAL ASPECTS 

Of the 240 patients having pulmonary resection for bronchiectasis during 
the 11-year period, all but 18 have been followed for periods ranging from 1 
year to 10 years and 9 months. The average follow-up period after pulmonary 
resection was 4 years and 10 months. The involved lobes and segments remove 
are listed along with remaining involved anatomic pulmonary components m 
Table III. The lingula and left lower lobe were found to be most frequently 
involved as has been recorded by most investigators who have reported on ie 
anatomic distribution of this disease. Of the 157 patients haring ectasia m 
volring the left lower lobe, 85, or 54 per cent, had demonstrable involvement m 
one or both divisions of the lingula. This finding is in contrast to the identifia ^ 
broncliographie disease on the right where the lower lobe was involved m 
patients and one or both segments of the middle lobe was ectatic in 62 patients. 
Not infrequently the middle lobe was the site of disease when none coixl c 
demonstrated in the light lower lobe. Conversely, we found a diversity m 
comparable anatomic locations, in that the lingula was seldom involved wi 
some bronchiectasis of one or more segments of the left lower lobe; localized e 
broncliographie disease limited only to the lingula was demonstrated m on 
3 patients and 1 of these had contralateral involvement of the middle lobe. 

The predominance of combined left lower lobar and lingular segmena^ 
resections over similar operations on the right lung is noteworthy. 1 a 1 ia 
total lingulectomy was combined with complete left lower lobectomy or reseC ^ 
of the basilar segments in 77 patients, whereas simultaneous total middleman ^ 
right lower lobectomies were performed only 21 times. Lobectomy was 
exclusively early in the series. In the interest of conserving normal bronc^ 
pulmonary units and pulmonary function, segmental resection has been 
procedure of choice, when applicable, since early in 1954. The technique o ™ e 
hilar ligation was never employed, and in all eases anatomic dissection o 
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bronehovaseular structures was done. Two patients bad bilateral staged resec¬ 
tions, and 3 bad repeat resections on the left—2 of these bad had initial surgery 
elsewhere, and 1 at this hospital. 1 having completion of left, lower lobectomy, 
and the other 2 had lingnlectomy performed along with removal of elongated 
and widened left lower lobe bronchial stumps. Bilateral procedures were un¬ 
common as extensive bilateral disease is relatively rare in service personnel, and. 
■"hen seen, the patient is not considered a likely candidate to return to duty 
mth troops after having bilateral pulmonary resection. There were 1S5 patients 
nho had all apparent hronchieetatie disease removed, and 55 who had diffuse 
or bilateral disease remaining after the most extensively involved segments or 
lobes were resected. During the last 2 years of this study only 26 resections 
were performed and. of these patients, 22 had. on bronchograpliie study, uni¬ 
lateral, localized disease. The policy of curtailing pulmonary resection for 
bronchiectasis resulted after it was ascertained that many service personnel were 

not measurably benefited or would not admit improvement after resection 
therapy. 3 ’ T . s, 9 

Postoperative Complications. —Complications which occurred in the 240 pa¬ 
tients having 243 primary resections ai*e given in Table V. There were no post¬ 
operative complications in 77 per cent of the patients. The most frequent post- 
opeiative difficulty was atelectasis. The relatively low complication rate, we 


Table Y. Postoperative Complications 


None 

Atelectasis* 

Temporary pleural space problems 
Bronchopleural fistula 
Empyema 
Hemothorax 
Postoperative psychosis 
retention surgical sponge 
_Deaths_ e 

°me patients had more than one complication. 


NUMBER OF PATIENTS 
1ST 
27 
15 
11 
5 
5 
2 
1 
2 


adenint wf ^ Talue ° f effective antibiotics, improved anesthetic techniques, 
on 6 blood ^Placement during and following surgery, and detailed post- 
: 3 lve eai ’ e - _ Table VI lists the methods of treatment employed for the sur- 
1Ca com Plications. Of the sixty-one surgical measures considered essential in 

__ Table YI. Methods or Management or Complications 


Bronchoscopy 

Be-insertion of pleural drainage tubes 

thoracoplasty 

Open pleural drainage 

Secondary thoracotomy 

For control of bleeding_ 

For removal of sponge_ 

Tracheostomv 

Pleural instillation streptokinase- 
streptodomase (Varidase) 
Muscieplasty 


NUMBEE OF PATIENTS 
20 
14 
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the management of the complications, only thirteen are considered to be major; 
tlic.se being thoracoplasty, secondary thoracotomy, and muscleplasty procedures. 
The fact that there were eleven bronchopleural fistulas, and only five empyemas 
may to some extent reflect the value of appropriate antibiotics. 

There were two postoperative deaths. A 25-ycar-oId male developed lower 
nephron nephrosis following a difficult and prolonged pulmonary resection; 
death occurred on the ninth postoperative day. The second death in a 29-year- 
okl male was attributed to massive pulmonary embolism on the third postopera¬ 
tive day. 

SURGICAL RESULTS 

Of the 220 patients followed from 1 year to 10 years and 9 months (2 
patients died eaxdy in the postoperative period, and 18 were lost to follow-up), 
surgical results have been classified as excellent, improved, unchanged, and poor. 
The information requested or obtained in periodic questionnaires, or at clinical 
evaluation, was directed to ascertain whether there was a productive cough, 
frequent pulmonary infections, chest pain, hemoptysis, ability to work if so, 
hours per day, and if a change in symptoms had occurred when compared with 
the preoperative state. Patients were encouraged to make additional statements 
in regard to their general health. Those classified as obtaining an excellent 
result were completely free of any symptoms suggestive of bronchiectasis, and 
considered themselves cured. Those considered improved have had some relief 
of symptoms but still had some chronic pulmonary complaints. Patients placed 
in the unchanged group have not had symptoms significantly altered, and in the 
poor results category we have listed those who are worse off since surgical re¬ 
section and the clinical story is essentially that of the natural history of the 
disease as exemplified prior to the antibiotic era. 

The results were considered from several standpoints. First the ovei-o 
results, the modification of the disease in service personnel, and the results m 
dependents of military personnel—most of these being -wives. We believe that 
this latter group of patients would mox-e nearly l’efiect the results to be expect c 
in civilian patients as this group had nothing to gain from a financial standpoi 
by exaggerating their postoperative complaints. 


Table VII. Results of Pulmonary Resection in 220 Patients (15' 

03 Dependents) Followed 1 to 10 Years and 9 Months (Average Iolloy- 

4 Years and 10 Months) __ 



| EXCELLENT , 

1 IMPROVED 

UNCHANGED 

| POOR 

1 dead ___ 

1 PER- 

NO. CENT 

PER- 

| NO. CENT 

PER- 
NO. CENT 

1 PER- ] 
NO. | CENT ] 

1 NO. [ 0EXT. 

Military 25 15.9 45 28.7 74 47.1 

Dependents 24 38 28 44.4 9 14.4 

All cases 49 22.2 73 33.2 83 37.7 

9 5.8 1 

1 X 6 1 LC , 

10 4.5 


The results are tabulated on patients having postoperative complications 
(Table VIII), and the results when all apparent bronchiectatic disease " 3S 
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removed, as well as when known bronchographic bronchiectasis remained after 
pulmonary resection (Tables VIII and IX). 


Table VIII, Results Following Surgical Complications 






390 


STREETE AND SALYER 


J. Thoracic and 
Cardious. Surg. 


demonstrable disease removed. In the group having resection of all bronchi- 
ectatic disease, S were military patients and 14 wives or other dependents of 
servicemen. Of the 8 military patients, 6 have indicated that they were im¬ 
proved and 2 do not feel that their symptoms have been altered after pulmonary 
resection and their disease is categorized as being unchanged. None will admit 
that symptoms have been altered sufficiently to classify the procedure as having 
given excellent results. Of the 14 dependent patients (mostly wives), 6 (43 
per cent) have what appear to be excellent results and the remaining 8 feel 
that their symptoms have been quite measurably improved. Of the 4 patients 
in whom not all demonstrable disease was removed, during 1956-1957, only 1 
civilian dependent admits that she is improved. The remaining 3 consider their 
symptoms unchanged—1 being a 23-vear-old female who had a thoracotomy on 
the left side with removal of an elongated bronchiectatic lower lobe stump and 
lingulectomy for cylindrical disease 5 years after a left lower lobectomy per¬ 
formed elsewhere. No technical difficulty was encountered during the secondai) 
thoracotomy and recovery from the procedure was relatively uneventful; how¬ 
ever, her symptoms have not been altered significantly. 

Pathologically most cases in this study were diagnosed as and proved to 
be nonspecific bronchiectasis of varying degrees of severity. Table XI lists as¬ 
sociated and/or incidental pathologic processes detected in the pulmonary sur¬ 
gical specimens. In only one specimen was a foreign body considered to be 
an etiological factor; this proved to be a cocklebnr in a lower lobe bronchus. 

Table XI. Specific and/or Unsuspected Pathology 

~ j cases ~ . 

Middle lobe syndrome, etiology unknown *} 

Middle lobe syndrome, due to histoplasmosis * 

Granuloma, etiology unknown “ 

Coccidioidomycosis J 

Lipoid pneumonia * 

Eosinophilic granuloma J 

Foreign body I ____ 


DISCUSSIONS AND CONCLUSIONS 

This follow-up study' and evaluation of 220 patients who have had pul 
monary resection for bronchiectasis (157 military and 63 civilian dependents 
presents rather conclusive evidence that poor or questionable surgical icsn 
may be anticipated when only the most markedly involved segments oi 
of widespread unilateral or bilateral bronchiectatic disease are removed. ^ 
contention and firm clinical impression are offered, even though our senes ^ 
patients has been weighted heavily on the military side. Perhaps, it is no 
worthy that 106 of 185 patients, 57 per cent, having had all demonstrable ecta k 
disease resected, admitted that they had obtained excellent results or ha 
improved after surgical management; however, only 29 per cent^of the J “ 
having all disease removed were of the opinion that their chronic disease ‘ 
been favorably altered—of these only 3 (5.4 per cent) admitted complete ie 
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of symptoms. In view of clinical impressions gleaned long before the comple¬ 
tion of this study, we have taken a “new look” at. the problems of bronchiecta¬ 
sis in both military personnel and their civilian dependents and have modified 
our former concepts on the indications for surgical management of this chronic 
pulmonary disease rather significantly. This study, which is a continuation of 
a former survey, continues to reveal that over-all surgical results are approxi¬ 
mately twice as good in civilian dependents as in military patients. 3 Such 
results reflect to some degree factors which cannot be accurately assessed, such 
as the influence of possible financial gain in the form of disability remuneration 
and poor motivation regarding continuation of service or future geographic 
duty assignments. 

For the past 3 years our “surgical philosophy” and essential policy in 
regard to bronchiectasis follows. 

1. Military personnel having relatively short periods of service and localized 
or multilobar bronchiectasis are processed for discharge from the service prior 
to recommendations for or any form of pulmonary resection. 

2. Serious episodes of bleeding or extension of the bronchial and parenchy- 
mal infection into the pleura may make surgical intervention mandatory; these 
complications have been extremely uncommon in recent years. 

3. Personnel with long periods of service (over S years), who have sympto¬ 
matic bronchiectasis should, after proper clinical evaluation and medical man¬ 
agement, be considered for definitive surgical care. 

I. Patients with bilateral disease, especially if the cylindrical type, should 
seldom, if ever, have surgical resections for the following reasons: (a) such 
patients seldom have sufficient ventilatory reserve to allow for staged excision 
°f all involved segments, and (b) cylindrical disease is prone to be progressive, 
regardless of the type of management. Some of us postulate that this form of 
diffuse bilateral disease may be related to hereditary influences. Some other 
patients show generalized narrowing of terminal bronchi and bronchioles—a 
superimposed generalized bronchiolitis. Our experience with such complex 
problems has been sufficient for us to make the categorical statement that such 
Patients often have serious postoperative complications and only rarely are their 
symptoms appreciably relieved following surgery. 

o. Secondary thoracotomy for removal of residual ectatic segments, lobes, 
aod/or unduly long residual bronchial stumps, under most circumstances, is not 
^commended; this somewhat dogmatic principle and policy even approaches a 

>etum” when there is bronchographic evidence of contralateral disease. 

Summary 

A critical review of 240 cases of bronchiectasis treated by pulmonary resec- 
mn rom January, 1947, to January, 1959, is presented and follow-up results 
anT Tl( ' IKls re S ar ding the over-all problem and our changing concepts 

'ai r. , P . in tho surgical management of this chronic pulmonary disease 

‘ ) ‘ 1C y (llSenssed - 0m ‘ present policy of hesitancy to perform pulmonarv 

action on young soldiers with short periods of active service, who experienced 
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serious pulmonary symptoms prior to induction, resulted after preliminary 
follow-up studies were evaluated 3 years before completion of this study. The 
low salvage rate of those able to perform effective military sendee has made it 
seem administratively and professionally prudent to adopt this restrictive sur¬ 
gical policy. Long-term results after pulmonary resection in civilian dependents 
have been approximately twice as favorable when compared with the surgical 
results in military personnel. 

'SVe continue to recommend pulmonary resection to patients who have 
bronchiectasis incurred or aggravated during military service; however, such 
patients should have the type of localized disease which can be expected to he 
benefited significantly by surgical extirpation. 
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MESOTHELIOMAS OE THE PLEURA 

/. L. Ebrenhaft, M.D., D. AI. Sensenig, AID., and M. S. Lawrence, M.D., 
Iowa City, Iowa 


'T'he morphology and cytology of primary pleural tumors have been in dispute 
■I for many years. There are some who even now deny the existence of these 
neoplasms. 19 Robertson, 1 ' 1 in 1924, published an extensive historic review on 
this subject and pointed out the confusion which existed in the classification 
and nomenclature at that time. It was his opinion, based on his own experience, 
that there is no definite entity of pleural endotheliomas. He believed that only 
sarcomas can be classified as primary malignant tumors of the pleural tissue 
and that all other growths are secondary, representing extensions, implantations, 
° r me tastases from unrecognized or latent primary sources, usually the lungs. 
- aximow, 12 in 1927, was able to grow colonies of fibroblasts in mesotlielial 
fissile cultures. Some of the cells showed epithelial characteristics but finally 
acquired fibroblastic characteristics. Klemperer and Rabin, 11 in 1931, 
>pviewed the literature and brought some order out of chaos by introducing 
a classification which is essentially the one used today*. They recognized 
ocahzed pleural tumors which they* believed to arise from tissues beneath the 
P eura itself. These tumors show a great variation of cell type and are of 
'Jned degrees of malignancy. They* are usually described as sarcomas or 
^ groups thereof. The diffuse pleural neoplasms Klemperer and Rabin believed 
as ise from the surface lining cells. They are malignant and contain a 
Pasture epithelial and mesotlielial cells. Clagett 3 agreed with Robertson 
to the origin of the two types of neoplasms. He suggested the classification 
ocalized fibrous mesotheliomas and diffuse malignant mesotheliomas. How- 
B ' ei ’ ' C ’ ,out au d Hurray, 16 in 1942, were able by tissue culture to clarify the 
mesotlielial origin of pleural tumors. Sano, 15 in 1950, working with tissue from 
'cel/ USC mesot kMi°ma, was able to demonstrate the presence of epithelial-like 
s in tissue cultures even though they were not seen in histologic sections 
obtained from the neoplasm. 

. P* euraI lining cells theoretically may have the potentiality to form 
from 0 £md fi!) roblastic ce U types- The pleura is derived einbryologically 
dcivn.V'j micl<ile gcl ' m la >' or > tl ie mesoderm, which arises from ecto- and ento- 
— aj ’ ers - The mesoderm splits into two lamellae, one fusing with the 

?ohmv^ a X5i nt c ftj.S?^? r - Dlv,sion of Thoracic and Cardiovascular Surgery. State 
Reived for publication Nov. 24, 1959. 
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ectoderm forming the somatopleura, the other with the entoderm forming 
the splanclmopleura. The visceral mesoderm gives vise to the cellular lining 
of the serosal surfaces which are the site of the neoplasms under discussion. 

Endothelial pleural surfaces on the other hand are known to show morpho¬ 
logic changes resembling epithelial cells when subjected to irritation. 

Stout and Himadi, 17 in 1951, published a report of 8 cases of localized 
mesotheliomas which were surgically treated. They were classified as solitary 
fibrous mesotheliomas and it was pointed out that even though these lesions 
may be of low grade malignancy they are sharply circumscribed and are 
curable by surgical excision. 

Essentially there seem to be two groups of pleural neoplasms. One is the 
diffuse type which is highly malignant and usually rapidly fatal. The char¬ 
acteristics are the presence of epithelial cells in tubular or glandular arrange¬ 
ments mixed with sarcomatous neoplastic cells. The localized type contains 
fibrous tissue elements only and may show great variation in cell morphology 
They may be benign or show all degrees of malignancy. Yesner and Hurvntz 
have reported a ease of a localized pleural mesothelioma of the epithelial type 
which was resectable. Bogardus 2 describes a localized malignant mesothelioma 
with pleural implants. It stands to reason that diffuse epithelial mesotheliomas 
arise in a localized area and that they could be treated surgically if the> are 
found and diagnosed before extensive pleural spread has taken place. After 
the entire pleural space has been involved by spreading and implanting tumor, 
it is often impossible to determine where the original site of the pleural 


neoplasm has been. 

Pleural mesotheliomas have been recognized with increasing frequency 
and many have been reported in the recent literature. 6 ’ s ' 10 ’ 1S ’Nerei- 

theless, they are rare neoplasms. The correct diagnosis is often not made m tie 
diffuse spreading, highly malignant type until just before or after death o 
the patient. The localized fibrous, benign, or malignant types may pro uce 
no symptoms and may be accidental findings during routine chest sum- 
studies. Some of the symptoms seem to be entirely unrelated to the intrt 
thoracic lesion. Osteoarthropathy, chills, and fever may be the main complain^ 
and the pulmonary lesion may escape early correct detection. Furthermore, 
roentgenologic appearance of these lesions is not at all diagnostic. . The o on 
massive bloody pleural effusions which are nearly always present m pa i 11 
with diffuse malignant mesothelioma may also be seen with benign well-loca ize 
pleural lesions. Cytologic studies of the pleural fluid have been of no w P 
in our experience. Endoscopic examinations and bronchography have no 
helped except to demonstrate displacement of intrathoracic structures. ? 
very large masses. The large localized tumors produce symptoms and signs 


only by compression and displacement of the adjacent organs 


without actually 


involving them. r 

Exploratory thoracotomy with either resection of localized tumoi ^ 
biopsy in the nonresectable group is the only reliable method to arrive < 


We have collected a total of 16 patients treated in the Surgical Department, 
iversity of Iowa Hospitals. The earliest documented and correctly diagn 
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patient Mas seen in 1927. It is difficult to group the cases into either the 
diffuse or localized varieties. On the basis of cell types and the clinical 
appearance, we placed 8 patients in the group of localized pleural mesotheliomas 
and the rest in the group of diffuse malignant mesotheliomas. All other 
possible cases in which there were doubtful diagnoses or a history of previous 
extratlioracic neoplastic disease were excluded. 

case reports 


Table I. Localized Fibrous Mesothelioma 


CASE 

VO 

AGE 

AND 

SEX 

DURATION OF 
SYMPTOMS 

TIME LESION 
WAS KNOWN 

DATE OF 
OPERATION 

RESULT 

i 

25 

8 mo. 

S mo. 

11/23/27 

Emypema; death 5 mo. 


F 



Resection of tumor 

after diagnosis 

2 

30 

None 

2 V» mo. 

8/17/51 

Alive 


M 



Right lower lobectomy 






and resection of tumor 


3 

25 

2 yr. 

Recurrent le- 

11/5/53 

Alive 


F 


sion, 2 mo. 

Resection of tumor 


4 

57 


1 vr. 

2/22/55 

Alive 


M 



Right lower lobectomy 






and resection of tumor 


5 

68 

o mo. 

7 yr. 

3/4/55 

Alive 


F 



Resection of tumor 


G 

53 

5 mo. 

1 mo. 

3/8/55 

Alive 


M 



Resection of tumor 


7 

77 

3 yr. 

? 

5/20/55 

Metastases to chest wall 


F 



Pneumonectomy 

July, 1959 

8 

69 

4 mo. 

1 mo. 

9/5/57 

Alive 

-- 

M 



Resection of tumor 



Case l.—(J. j. (p> 10311), a 25 year-old woman, was admitted on Nov. 20, 1927. 
ranee complaints were fatigue and cliest pam with coughing for S months. She also 
creloped temperature elevations up to 102° F. during this time. There had been no 
' ei glit loss. At the time of admission, a large globular tumor located m the loner Tight 
*' le chest was found. On Nov. 23, 1927, a right thoracotomy was carried out. 
"■ell encapsulated tumor was found m the interlobar space between the upper, middle, 
n '°" er lobes. The tumor was resected. The mass measured 11 hv 9 by 12 cm. and 
^cighed 140 grams. It bad a grayish, granular appearance with many papillary cauli- 
"itl <!r ^ I '' e P ro J ec ^ tons - Sections revealed a very cellular neoplasm of fibroblastic nature 
many mitotic figures. The impression was that it was a pleural fibrosarcoma. This 
'Mt had a stormy postoperative course and succumbed to a postoperative empvema 
on April 22, 192S. 

“** (51 9301) (Figs. 1 , A, Bj and C). A 30 year old male farmer wn 


Wanted 


on Aug. 14 , 1951 , with the complaint of a tumor in the right lung known for 2% 


tni * ' 1 ° ® ...» 4W * “ 1 ■— 

Judies n<2 ^ atien ^ no symptoms The lesion 4 \as found dunng routine chest sunev 

a . IC= ' Roentgenograms showed a right posterior mediastinal mass, possibly representing 
of the ] C ' St ° r neurofi ' ,roma - Bronchograms and esophagrams demonstrated displacement 
Hr C e ' 0 .°" Cr es 0 P lla 8 vs to the left and displacement of the right main bronchus by the 
"as car ^ AUf? ' 17 ’ 1931 ’ a ngllt lo " er lobectomv and resection of the large tumor 
uric out The pathologic report stated it was inflammatory pseudotumor of pleura. 
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ectoderm forming the somatopleura, tlie other with the entoderm forming 
the splanehnopleura. The visceral mesoderm gives rise to the cellular lining 
of the serosal surfaces which are the site of the neoplasms under discussion. 

Endothelial pleural surfaces on the other hand are known to show morpho¬ 
logic changes resembling epithelial cells when subjected to irritation. 

Stout and Himadi, 17 in 1951, published a report of 8 cases of localized 
mesotheliomas which were surgically treated. They were classified as solitary 
fibrous mesotheliomas and it was pointed out that even though these lesions 
may be of low grade malignancy they are sharply circumscribed and are 
curable by surgical excision. 

Essentially there seem to be two groups of pleural neoplasms. One is the 
diffuse type which is highly malignant and usually rapidly fatal. The char¬ 
acteristics are the presence of epithelial cells in tubular or glandular arrange¬ 
ments mixed with sarcomatous neoplastic cells. The localized type contains 
fibrous tissue elements only and may show great variation in cell morphology. 
They may be benign or show all degrees of malignancy. Yesner and Hurwitz 
have reported a case of a localized pleural mesothelioma of the epithelial type 
which was resectable. Bogardus 2 describes a localized malignant mesothelioma 
with pleural implants. It stands to reason that diffuse epithelial mesotheliomas 
arise in a localized area and that they could be treated surgically if they are 
found and diagnosed before extensive pleural spread has taken place. After 
the entire pleural space has been involved by spreading and implanting tumor, 
it is often impossible to determine where the original site of the pleura 
neoplasm has been. 

Pleural mesotheliomas have been recognized with increasing frequency 
and many have been reported in the recent literature. 6 ’ s> 10 ’ 13,1S ’ *° Never¬ 
theless, they are rare neoplasms. The correct diagnosis is often not made m 
diffuse spreading, highly malignant type until just before or after death o 
the patient. The localized fibrous, benign, or malignant types may pioduce 
no symptoms and may be accidental findings during routine chest siuvey 
studies. Some of the symptoms seem to be entirely unrelated to the inti a 
thoracic lesion. Osteoarthropathy’-, chills, and fever may be the main complain^ 
and the pulmonary lesion may escape early’ correct detection. Furthermore,^^ 
roentgenologic appearance of these lesions is not at all diagnostic. The o « 
massive bloody’ pleural effusions which are nearly’ always present m P 
with diffuse malignant mesothelioma may’ also be seen w’itli benign well- oca iz 
pleural lesions. Cytologic studies of the pleural fluid have been of no le^P 
in our experience. Endoscopic examinations and bronchography’ hare n^ 
helped except to demonstrate displacement of intrathoracic structures 
very’ large masses. The large localized tumors produce symptoms an » 
only’ by’ compression and displacement of the adjacent organs without ac i 


involving them. 01 . 

Exploratory’ thoracotomy’ with either resection of localized turn ^ ^ 
biopsy in the nonresectable group is the only reliable method to aim 


diagnosis. . n-tment, 

We have collected a total of 16 patients treated in the Surgical Vep 

University of Iowa Hospitals. The earliest documented and correctly c ia B 
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patient vas seen in 1927. It is difficult to group the cases into either the 
diffuse or localized varieties On the basis of cell types and the clinical 
appearance, we placed S patients in the group of localized pleural mesotheliomas 
and the rest in the group of diffuse malignant mesotheliomas. All other 
possible cases in which there were doubtful diagnoses or a history of pievious 
evtrathoracic neoplastic disease were excluded. 

C4SE REPORTS 


Table I. Localized Fibrous Mesothelioma. 


CASE 
NO j 

AGE 1 

AXD 

SEX 

DURATION' OF| 
SYMPTOMS 

TIME LESION' 
TEAS KXOTYX 

DATE OF 
OPERATION 

RESULT 

1 

25 

S mo. 

b mo. 

11/23/27 

Emypema • death 5 mo. 


F 



Resection of tumor 

after diagnosis 

2 

30 

Xone 

2^4 mo 

8/17/51 

Alive 


M 



Right lower lobectomy 






and resection of tumor 


3 

25 

2 yr. 

Recurrent le¬ 

11/5/53 

Alive 


F 


sion, 2 mo. 

Resection of tumor 


4 

57 

1 

1 yr. 

2/22/55 

Alive 


M 



Right lower lobectomy 






and resection of tumor 


5 

63 

5 mo. 

7 yr. 

3/4/55 

Alive 


F 



Resection of tumor 


6 

53 

5 mo. 

1 mo. 

3/S/55 

Alive 


M 



Resection of tumor 


7 

77 

3 yr. 

9 

5/20/55 

Metastases to chest wall 


F 



Pnemnonectonn 

July, 1959 

S 

69 

4 mo 

1 mo 

9/5/57 

Alive 


M Resection of tumor 


Case 1 .—G. J. (B 10311). a 25 year-old woman, was admitted on Xov. 20, 1927. 
Entrance complaints were fatigue and chest pain with coughing for S months. She also 
developed temperature elevations up to 102° F. during this time. There had been no 
"eight lo=s At the time of admission, a large globular tumor located m the lower right 
S'de of the chest was found. On Xov. 23, 192 7, a right thoracotomy was carried out. 
A well encapsulated tumor was found in the interlobar space between the upper, middle, 
nnd lower lobes The tumor was resected. The mass measured 11 bj 9 by 12 cm. and 
Weighed 140 grams. It bad a grayish, granular appearance with many papillary cauli 
flower like projections. Sections revealed a very cellular neoplasm of fibroblastic nature 
">th many mitotic figures The impression was that it was a pleural fibrosarcoma. This 
[otient had a stormy postoperative course and succumbed to a postoperatne empyema 
011 April 22, 192 S 

Case 2. D. M. (51 9301) (Figs 1, A, B, and C ). A 30 year old male farmer was 
a nutted on Aug. 14, 1951, with the complaint of a tumor m the right lung known for 2«> 
nthj The patient had no symptoms The lc-ion was found during routine chest suriev 
'mdie,. Roentgenograms showed a right posterior mediastinal mass, pos-iblv representing 
lung cyst or neurofibroma. Bronchogram= and e^ophagrams demonstrated displacement 
i ° the lower e-opliagus to the left and displacement of the right main bronchus bj the 
niv> On Aug 17, 1951. a right lower lobectomv and rejection of the large tumor 
w earned out The pathologic report -dated it was inflammatory pseudotumor of pleura. 
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The mass measured 18 by 15 by 10 cm. Microscopic section showed fibrous interlacing 
connective tissue tumor. In areas the structures had a myxomatous appearance. The 
postoperative course was uneventful. The patient is alive. 

Case 3.—D. A. (53-12218), a 25-ycar-old woman, was admitted on Nov. 2, 1953 
(Figs. 2, A and 2, B). A benign mesothelioma of the pleura had been removed at the 
Mayo Clinic on Oct. 5, 1951. She stated that her symptoms before that time were afternoon 



Fig 1 —Case 2. A, Bronchogram which shows the large mass in the ri&h {umor an d 
B, Cross section through specimen which shows the well-encapsulated ioduim. 
umnvolved attached right lowei lobe. 

temperature elevations and fatigue. The last follow-up roentgenogram in May, 1952,^^^^ 
normal. A roentgenogram on Sept. 4, 1953, revealed recurrence of a sharply circuit ^ 
2 cm. mass in the left lower lung field. The patient again had temperature e ath'olog’ic 
the afternoon up to 101° F. The mass was excised on Nov. 5, 1953. The 
report stated it was fibroblastic tumor within lung parenchyma consistent with Jobe . 

This lesion was contained within the anterior basilar segments of the left 0 " e 
The patient has been well since. 
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Ci=r 4 ._ s. P. (54-12270). a 57 -year-old man. was admitted on Feb. 20, 1955, com- 

olaining of cough, A roentgenogram revealed what was thought to be an elevated righ, 
leaf of the diaphragm. On'further investigation a large posterior^ rounded encapsulated 
mas s in the right supradiaphragmatic area vras found. On Feb. 22,1955, at right thoracotomy, 
a right lower lobectomy and resection of a large mass, measuring 15 cm. in diameter and 
bring between the right lower lobe and tbe diaphragm, was carried out. The ma ss weighed 
oo 0 grams. The microscopic report stated it was fibroma or pleura with probable low 
grade sarcomatous changes. The right lorrer lobe shorted only collapse and fibrosis. 
Top postoperative coarse was uneventful- The patient is alive and well. 




•J 


1 —Cont’d C, Microscopic section: Myxomatous interlacing fibroblastic tissue without 

evidence of malignant change. 

Case 5 .—K. S. (55-2160), a 6 S-year-old woman, was first seen Feb. 15, 1955 (Fig. 3). 
^ history was obtained of a lesion in the left lung field first seen in roentgenograms taken 
during 194S. Xothing was done at that time. The entrance complaint was severe shortness 
0: breath and some neuralgic pain m both hands for 5 months. Boentgenogi ams revealed 
** c:L ssire left pleural effusion with mediastinal shift to the right. On thoracentesis, a 
h-mothorar was found. The fluid failed to show abnormal cells. On March 4, 1955, a 
’** thoracotomy revealed a large mass located in the Assure between, the upper aud lower 
‘.°' r3s i partly attached to the chest wall. This lesion was removed. There were no pleural 
1 ~i ants. The pathologic report stated it was cellular fibroma or very low grade fibro- 
coma. The patient made an uneventful postoperative recovery and she is alive with 
- 0 further symptoms. 

j r __ Case C.—A B. (55-3602), a 53-year-old college professor, was a dmi tted on March 21. 
He complained of shortness of breath for the previous 5 months. Boentgenogr ams 
shortly after admission revealed a large mass in the right upper lung field. Bron- 
^-mcopy and bronchograms showed the mass to displace the pulmonary tissue. On March 
a right thoracotomy was done. An encapsulated tumor was encountered, lying 
_j-juu ths pleural space and compressing lung, having attached itself to portions of the 
^ ^ ‘ ^ middle lobes but not invading those structures. The mass was resected. The 
.-ween weighed 1,300 grams. On cross section it had a nodular appearance and was 
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well encapsulated. The pathologic report stated it was pleural sarcoma with considerable 
pleomorphism of the cellular structures. There was some mitotic activity. The patient 
is alive and well. 

Case 7.—G. Y. (55-5838), a 77-year-old woman, was first seen May 16, 1955. She 
was in excellent health until 3 years before admission. She had lost 33 pounds during 
the previous 2 years and had a chronic cough. Roentgenograms revealed massive atelectasis 




Fl „ 2_Case 3 A, Roentgenogram taken 2 years after resection of a benign mesotb 

on the left—recurrent lesion present in mid-lung field tissue patterns are 

B. Microscopic section: Fibroblastic cells and interlacing connective tissue y 
well seen. 
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of the left I nner . Severe compression of the left main-stem bronchus was found on bron¬ 
choscopy. On A£ay 20, 1955, a left pneumonectomy was done. A very large mass which 
compressed the upper and lower lobes was encountered. It was not attached to pulmonary 
tissue but seemed to arise over the mediastinal pleura. Bemoval of this mass was only 
possible by pneumonectomy. The pathologic report stated it was a slowly growing fibrosarcoma, 
well differentiated, probably arising in the interlobar fissure. The bronchi and several 
branches of the left pulmonary vein and artery were surrounded and compressed by tumor 
tissue. The postoperative course was uneventful- A letter from the home physician on 
July 3, 1959, stated that the patient had developed metastatic lesions in the subcutaneous 
ureas over the left shoulder and back, biopsy of which revealed metastatic mesothelioma. 


n. 


B. 





- 25-55 






2 - 25-55 


C. 


D. 


iA«“ d c MTMUS'S 1 t.Ts^°f£oT &\™n r £^\M 0D * 


400 


EHRENIIAFT, SENSENIG, LAWRENCE 


J. Thoracic and 
Cardiovas. Stifg. 


Case S.—W. 3L (57-10720), a 09-year-old man, was admitted to the Department of 
Urology on Aug. 22, 1957, with acute urinary retention due to benign prostatic hypertrophy. 
The patient also gave a history' of having had some pedal edema and shortness of breath for 
4 months. Routine roentgenograms revealed a large mass in the left posterior hemithorax in 
the supradiaphragmatic area. The clinical impression was that it was a neurogenic tumor 
or pleural tumor. A transurethral resection was done on Aug. 27, 1957. The postoperative 
course was uneventful. On Sept. 5, 1957, a left thoracotomy was carried out. A large 
mass was found in the left costophrenic sulcus and was resected. A pedicle, 2 by 3 cm. 
in diameter, was found attaching this mass to the basilar surface of the left lower lobe. 
The mass measured 10 by 13 by 7 cm. and weighed 900 grams. The pathologic report 
stated it was low grade pleural sarcoma-mesothelioma. The basic tumor forming cells 
were fibroblasts and fibrocysts which showed plcomorphism. The patient has been well since. 


Table TI. Diffuse Maligxakt Mesothelioma 


CASE 

NO. 

AGE 
AND 
| SEX 

DURATION OF 
SYMPTOMS 

TIME LESION 
"WAS KNOWN 

DATE OF 
OPERATION 

result 

9 

04 

M 

5 mo. 

i 

None 

Death 1 mo. 
after admission; 
widespread metastases 

10 

25 

F 

4 mo. 

Pneumothorax, 

4 mo. 

8/19/48 
Thoracotomy 
and biopsy 

Death 4 mo. 
after diagnosis 

11 

37 

F 

1 mo. 

1 

2/20/53 
Thoracotomy 
and biopsy 

Death 4 yr. 
after diagnosis 

12 

08 

F 

2 mo. 

2 mo. 

3/10/55 

Thoracotomy 
and biopsy 

Death 9 mo. 
after diagnosis 

13 

59 

F 

1 mo. 

1 mo. 

10/19/55 

Right pneumo¬ 
nectomy 

Death 2 mo. 
after diagnosis 

14 

01 

F 

1 mo. 

5 yr. 

12/13/50 
Thoracotomy 
and biopsy 

Death 3 yr. . 
after diagnosis 

15 

70 

M 

3 mo. 

3 mo. 

None 

Death 2 weeks 
after admission 

10 

52 

F 

2 mo. 

2 mo. 

6/4/57 

Thoracotomy 
and biopsy 

Death 1 mo. 
after diagnosis 


Case 9. —D. D. (G 0971), a 04-year-old white male, was admitted on June 1, ^ 

The entrance complaint was pain in the left side of the chest, weight loss, and 
for 5 months. Roentgenograms revealed a massive left pleural effusion with disp a 
of the mediastinal structures to the right. The pleural fluid was aspirated and a P BCl ^ 
thorax was produced. The nodular appearance of the pleura suggested the presence^ 
a pleural neoplasm. The patient died on Aug 14, 1932. Postmortem examination mvc ^ 
the left pleural space to be filled with sero-fibrino-sanguineous fluid. The le 
collapsed. The pleural surfaces were markedly thickened. The greatest P aT 
neoplasm was found over the diaphragmatic surfaces. Microscopic sections slmwe type 
shaped cells. In areas, the neoplasm formed spaces which were lined by epi 10 t0 
cells. The neoplasm was invading lung, diaphragm, aorta, and had also metas 
kidneys, liver, and the right lung. The final diagnosis was malignant mesotbe ioma. 
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Case 10—G. W. (42-9041), a 25-year-old female secretary, experienced severe pain 
in her left shoulder and chest on April 14, 1948 (Figs. 4, A, B, and C). Roentgenograms 
showed a spontaneous pneumothorax and a small area of infiltration in the left upper lung 
field. The patient was admitted to the Oakdale Tuberculosis Sanatorium and there ex¬ 
perienced four more left-sided spontaneous pneumothoraces. On Aug. 4, 194S, the patient 
developed severe generalized left chest pain and cough. There had been no fever, hemop¬ 
tysis, or weight loss. Examination at that time revealed a left hydrothorax. The patient 
was admitted to the University Hospitals on Aug. 14, 1948. Thoracentesis produced 200 c.c. 
of thick serosanguineous fluid which, on examination, revealed no abnormal cells. Bron¬ 
choscopy and bronchograms were normal. On Aug. 19, 194S, a left thoracotomy was 
carried out. The pleura was found to be markedly thickened. On the posterior surface 



Fig. 3.—Cont'd. E, Microscopic appearance of the low grade fibrosarcoma 

°f the left upper lobe, a pedunculated mushrooming tumor of sarcomatous nature was 
encountered. It measured 8 cm. in diameter. This tumor was resected. There were many 
dots and large implants in the region of the costophremc angle and over the diaphragmatic 
surface. A pathologic diagnosis of poorly differentiated, anaplastic neoplasm, probably 
mesothelioma, was made. The tissue was highly cellular and many mitotic figures were 
present. Large sheets of anaplastic oval and elongated cells of variable size with elongated 
hypercliromatic nuclei were seen. Conspicuous tissue spaces, varying from slit-like clefts 
to well-defined gland-like spaces, were lined by cuboidal mcsothelial type cells. The patient’s 
postoperative course was rapidly downhill. She developed signs of massive neoplastic 
•"filtration of the left side of the chest which caused severe pain. The patient died on Dec. 
'» 19f8. 

Case 11. —H. IV. (53-19S5), a 37-ycar-oId white woman, was admitted from the Oakdale 
, U erculosis Sanatorium on Feb. 1G, 1953, with the complaint of increasing shortness of 
•rea h (Figs. 5, A, B, C, and D). Roentgenograms disclosed a massive right pleural effusion, 
‘oracentesis produced large amounts of 'erosangumeous fluid which, on examination, con- 
avned no malignant cells. On Feb. 20, 1953, a right thoracotomy was done. The pleural 
wa aco 1vas studded with numerous soft \a»culnT neoplastic nodules. Most of the neoplasm 
ocated over tho diaphragm and over the lower portions of the pleural space. Excision 
°ae of the larger masses was carried out. Pathologic sections mealed closely packed 
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cells with oval and round nuclei. There was frequent mitosis. In many areas the cells 
were arranged perpendicularly* to blood vessels. A pathologic diagnosis of pleural meso¬ 
thelioma, diffuse typo, was made. Postoperatively the patient was treated with irradiation 
therapy delivering 2,500 r through two portals. The patient was seen frequently and 
was completely asymptomatic until July of 1957 when she was admitted with the complaint 
of progressive weakness of 1 month’s duration. The patient had some weight loss, and 
developed partial right third cranial nerve palsy, and diplopia. The diagnosis of severe 



A. 


B. 


Fig. 4. —Case 10. A, Roentgenogram which shows the small area of inflltratvo r _ 

tipper lobe. B, Roentgenogram taken 1 month before death of patient (left hemunor - the 
penetrated); Note the large mass in left upper lung fleid and the neoplastic invoueme 
left pleural space. 


Fig. 



mitotic 
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myasthenia gravis was made Mesitonm, 60 mg. 3 times daily, restored her normal strength. 
However, the patient’s condition gradually deteriorated, necessitating tracheostomy. She 
died on Aug 5, 1957, in respirator! failure Prior to the time of death there was some 
evidence of increase of the sire of the right mediastinal mass Postmortem examination 
was not obtained 


2 - 17-53 


' 4 " 


- 24-53 





7 - 29-57 


C 

ln cumothora^Lftcr \lioracenu^s t ln CI 19 ^a lm " hich sho " s massne right pleural effusion 

t: Roentgcnogra^ *?“ ‘T - *rrad,ation therap> 

entgcnogTam taken 1 week before death of patient in 1957 
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Case 12.—A. W. (55-2427), a OS-year-old woman, was a dmi tted on Feb. 26, 1955, 
stating that she had had severe shortness of breath for about 2 months. She had had a right 
radical mastectomy 34 years before. On admission, a massive right hemothorax was en¬ 
countered. Numerous thoracenteses were carried out. The pleural fluid failed to reveal 
abnormal cells. Bronchoscopy was normal. On March 10, 1955, an exploratory thoracotomy 
was carried out. A small neoplastic mass located over the posterior pleural parietal surface 
at the level of the ninth and tenth vertebral bodies was encountered. A large amount 
of serosanguineous fluid and blood clots were present in the pleural space, holding the 
lung in a collapsed state. Frozen sections of the lesion gave the impression of fibrosarcoma 
of the pleura. Decortication and rc expansion of the lung were thought to be useless due to 
numerous neoplastic implants. Part of the primary lesion was excised. The pathologic 
report stated it was a cellular neoplasm with organizing inflammatory exudate, probably 
mesothelioma. The cells w ere spindle-shaped, closely packed with numerous mitotic figures. 



In other areas the cells were arianged in tubular and papillary structures and had epi 
characteristics. The patient was discharged to receive irradiation therapy in her home 
The patient was readmitted on Dec. IS, 1955, complaining of severe right U PP 
abdominal pain and some abdominal distention. A mass w r as palpable in the rig^ 
upper quadrant of the abdomen. A barium enema showed the mass to be extrinsic to 
and displacing it to the left. At exploratory laparotomy performed on Dec. > ’ 

ascites and generalized neoplastic spiead over the peritoneal surfaces were foun • 
neoplasm was the same as the one seen during the previous operative procedure, 
patient died on Jan. 24, 1956. 

Case 13. —E. R. (55-12601), a 59-year-old woman, was admitted on Oct. 
complaining of severe shortness of breath of 10 days’ duration. She had been m 
good health until 5 weeks before admission at which time she developed pain m i 
side of her chest, a nonproductive cough, and temperature elevation up to 101 J minat ; on 
genograms revealed a mass in the right anterior hemithorax. Bronchoseopic ex n0 
was normal. Thoracentesis produced about 20 c.e. of bloody fluid which re '® a wa3 
abnormal cells. On Oct. 19, 1955, a right thoracotomy was carried out. The p ^ ^ 
invaded by neoplastic tissue. It was possible to free the neoplasm from the ckes^ ^ ^ 
extrapleural dissection. A right pneumonectomy was carried out encompassing 
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risible neoplasm. The lung weighed 1,000 grams. A large tumor occupied the greater 
portion of the lung. It measured 12 by 14 by 6 cm. The tumor was soft, mucoid in 
consistency, and there "as spread towaid the root of the lung. Microscopic sections 
repealed malignant cells invading the lung m sohd sheets The cells were pleomorphic 
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9 - 6-57 
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acotomi? C \v^ a Sr,„l'’ , t’„^°? ntBCn °SL an ; , U;1 ' en m 1951, ■> J ears before exploratory thor- 
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Case 12.—A. W. (55-2427), a 68-year-old woman, was admitted on Feb. 26, 1955, 
stating tliat she had had severe shortness of breath for about 2 months. She had had a right 
radical mastectomy 34 years before. On. admission, a massive right hemothorax was en¬ 
countered. Numerous thoracenteses were carried out. The pleural fluid failed to reveal 
abnormal cells. Bronchoscopy was normal. On March 10, 1955, an exploratory thoracotomy 
was carried out. A small neoplastic mass located over the posterior pleural parietal surface 
at the level of the ninth and tenth veitebral bodies was encountered. A large amount 
of serosanguineous fluid and blood clots were present in the pleural space, holding the 
lung in a collapsed state. Frozen sections of the lesion gave the impression of fibrosarcoma 
of the pleura. Decortication and re-expansion of the lung were thought to be useless due to 
numerous neoplastic implants. Part of the primary lesion was excised. The pathologic 
report stated it was a cellular neoplasm with organizing inflammatory exudate, probably 
mesothelioma. The cells were spindle-shaped, closely packed with numerous mitotic figures. 



Fig. 5.—Cont’d D, Micioscopic appearance of tumor. Epithelial-like cells are seen. 

In other areas the cells were arranged in tubular and papillary structures and had cpitb^L^ 
characteristics. The patient was discharged to receive irradiation therapy in her home o\ 
The patient was readmitted on Dec. IS, 1955, complaining of severe right U PP^ 
abdominal pain and some abdominal distention. A mass was palpable in . 1 ^ 

upper quadrant of the abdomen. A barium enema showed the mass to be extrinsic 
and displacing it to the left. At exploratory laparotomy performed on Dec. , ' 

ascites and generalized neoplastic spread over the peritoneal surfaces were toan . 
neoplasm was the same as the one seen during the previous operative procedure, 
patient died on Jan. 24, 1956. 

Case 13.—E. R. (55-12601), a 59-year-old woman, was admitted on Oct. 11> ^ ^ 
complaining of severe shortness of breath of 10 days’ duration. She had been in ^^right 
good health until 5 weeks before admission at which time she developed pam ta 
side of her chest, a nonproductive cough, and temperature elevation up to 101 
genograms revealed a mass in the right anterior liemithorax. Bronchoscopic e ^ B0 
was normal. Thoracentesis produced about 20 c.c. of bloody fluid which re ^ ^ 
abnormal cells. On Oct. 19, 1955, a right thoracotomy was carried out. Thes P ^ 
invaded by neoplastic tissue. It was possible to free the neoplasm from the c es ^ ^ 
extrapleural dissection. A right pneumonectomy was carried out encompassing 
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postmortem examination, an infiltrating tumor over the superior surface of the diaphragm, 
right lung, and extension into the Tight hilar lymph nodes was found. Microscopically it 
was shown to be an anaplastic neoplasm. The cells were spindle-shaped, very pleomorphic, 
with many mitotic figures. There were tumor cells along the lymphatic routes and, in 
areas, they had the appearance of an epithelial neoplasm. A final diagnosis of malignant 
mesothelioma was made. 

Case 16.—I. P. (57-7046), a 52-year-old woman, was admitted on May 27, 1957, with 
the complaint of shortness of breath for 2 months. Roentgenograms revealed a left pleural 
effusion. Several thoracenteses had been carried out before admission to the hospital. 
The local physician informed her that the fluid was gelatinous in nature. Cytologic studies 
of the fluid were negative. It was suspected that this patient might have a malignant 
pleural tumor. Edema of the mucosa of the left lower lobe bronchus was found on 
bronchoscopic exa min ation. On June 4, 1957, a left thoracotomy was carried out. There 
was evidence of invasion of the intratlioracic fascia by malignant tissue. The neoplasm 
appeared to envelop the entire lung. There was a small amount of fluid between the lung 
surface and the parietal pleura. Biopsy of the lesion showed it to be an anaplastic neoplasm. 
The cells were suggestive of epithelial origin. A diagnosis of malignant mesothelioma was 
made. The patient was given irradiation therapy 2,000 r through anterior and posterior 
ports. The patient had gained some weight and strength when examined on Oct. 10, 1957. 
The left pleural effusion had lessened in amount. A letter from the local physician informed 
us that the patient died in July of 1958. 

DISCUSSION 

The age range in both groups of patients was 25 to 77 years. Women 
'vere more often affected by the malignant type of disease than men. Several 
interesting .points, as far as symptoms are concerned, bear mentioning. Osteo¬ 
arthropathy or clubbing which was often observed in other reported series 1 ' 3 - 8 
"'as not found in any of our patients. One woman (Case 5) stated she had 
some neuralgic pains in her arms but on examination nothing of note was 
found. Shortness of breath was a common complaint. It was due either 
to varying degrees of pleural effusions or to large intrathoracie masses en¬ 
croaching upon the pulmonary air space. One patient (Case 3) stated on 
admission that she had recurrence of afternoon temperature elevations, the 
same symptom she had experienced before the first resection of a localized 
mesothelioma. She was found to have a small recurrent intralobar fibrous 
mesothelioma. Serosauguineous pleural effusions, recurrent and often massive, 
"ere present in all patients with diffuse malignant mesotheliomas. One patient 
(Case 5), with a localized fibrous mesothelioma known to be present for at 
least 7 years, was found to have a massive hemothorax. It has been pointed 
cut by others that hemorrhagic effusions do occur in the localized type of 
'bis neoplasm and that this does not affect the operability or the favorable 
Prognosis. 2 ' 8 One patient (Case 10), with a highly malignant and rapidly 
■ital tumor, had, as the initial symptoms, repeated pneumothoraces. The true 
nature of the illness was not recognized until the patient developed, in addition, 
n massive hemothorax. On exploration, the original, still localized, malignant 
esion was found in the upper lobe. The lower pleural space was filled with 
extensive gravitational metastascs. Similar cases have been reported by 
o icrsA- 0 One of our patients (Case 14), who must be placed into the -roup 

patients with diffuse malignant tumors, lias been known to have multiple 

1 , at first, localized bilateral lesions. 7 Roentgenograms demonstrated the 
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and mitosis was pronunent. Tiic neoplastic cells blended with tissue which had the appearance 
of anaplastic epithelial cells. One hundred and twenty-five millicuries of Au 163 was injected 
into the pneumonectomy space. The patient made an uneventful recovery and was dis 
charged on Oct. 2S, 1935. She was readmitted on Dec. 13, 1955, in extremis, and died 
on Dec. 10, 1935. Postmoitem examination revealed pneumonitis in the remaining left 
lung. There was residual tumor in the pleura and periosteal tissues of the thoracic cage 
Microscopically it gave the impression of a sarcoma but in areas it simulated an anaplastic 
adenocarcinoma. Malignant pleural mesothelioma was the final diagnosis. 

Case 14.—D. H, (50-10202), a 01-year-old woman, was first seen at the University 
Hospitals in 1931 (Pigs. 0, A, B, C, and D). Roentgenograms revealed several large tumors 
in the right and a smaller one in the left mid-lung field. The lesions were thought to be 
metastatic m nature. Ho primary site could be found. The patient was again seen in 
December, 1930, with the complaint of shortness of breath. The same large tumors were 
present in both lung fields. Tlieic also was a massive pleural effusion on the right. 



Fig G —Cont’d D, Microscopic appearance of tumor. Note glandular and tubular arrang 

ment of epithelial cells 


Thoracentesis produced 1,000 c.c. of grossly bloody fluid which did not contain mahgnan^ 
cells. On Dec. 13, 1950, a right exploiatory thoracotomy and biopsy of the neoplasm ' • 
done. The tumors were pedunculated mesotheliomas. A pathologic diagnosis of the 
of mesothelioma of pleura, caicinomatous type, was made. The patient was given a ^ ^ 
of irradiation therapy, 2,000 r to anterior and posterior lung fields, with little linprov 
The patient was readmitted on Sept. 10, 1957, with recurrent massive hemorrhagic e ^ n 
Seventy-five millicuries of Au 103 was given mtrapleurally. This resulted m 
and final disappearance of the hemorrhagic effusion. She developed metastasis to ' e 
wall, the cranium, and left breast, all of winch were treated by local irradiation iera 
The patient died during October of 1959. _ ^ 

Case 15.—S. E. (50-707), a 70-year-old man, was admitted on Jan. 13, ^ 56> 
the history of severe right-sided chest pain of 3 months ’ duration. Roentgenograms 
opacification of the right hemithorax. There also was evidence of an intra a ° ^ 

mass displacing gas-filled loops of bowel and stomach to the left. Thoracentesis .on a 
1956, produced 1,000 c.c. of serosangmneous fluid which was negative for mabgnan^ ^ 
Bronchoscopy revealed no endobronchial disease. The patient died on Jan. 29, 3 
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types is somewhat arbitrary and all gradations of these neoplasms are en¬ 
countered. The presence of malignant epithelial cells in conjunction with 
malignant connective tissue elements, seen in the diffuse type of mesotheliomas, 
makes the prognosis very grave. The pleomorphism, frequent mitosis, and 
other histologic criteria associated with malignancy do not appear to affect 
the good prognosis for most patients after resection of well-encapsulated tumors. 
A correct diagnosis in this disease can only be made by exploration and biopsy 
ol the nonresectable, or by removal of the localized, lesions. 

ADDENDUM 

Since submission of this manuscript, Patient A. B. (Case 6), who liad a large localized 
pleural sarcoma resected on Mar. 28, 1955, was re-exammed in February of 1960. Chest 
roentgenograms now show recurrence of a large pleuTal mass at the site of the original resec¬ 
tion and multiple bilateral intrapulmonary metastases; lion ever, the patient has no symptoms. 


REFERENCES 


1. Benoit, S. IV., and Ackerman, L. V.: Solitary Pleural Mesotheliomas, J. Thoracic 

Surg. 25: 346-357, 1953. 

2. Bogardus, G. M., Knudtson, K. P., and Mills, W. H.: Pleural Mesothelioma, Report of 

Four Cases, Am. Rev. Tubere. 71: 280-290, 1955. 

3. Clagett, O. T., McDonald, J. R., and Schmidt, H. W.: Localized Fibrous Mesothelioma 

of the Pleura, J. Thoracic Surg. 24: 213-230, 1952. 

4. Eisenstadt, H. W.: Malignant Mesothelioma of the Pleura, Dis. Chest 30: 549 556, 1956. 

5. Finby, EL, and Steinberg, I.: Roentgen Aspects of Pleural Mesothelioma, Radiology 65: 

169-182, 1955. 

0. Godwin, M. C.: Diffuse Mesotheliomas: With Comment on Their Relation to Localized 
Fibrous Mesotheliomas, Cancer 10: 298 319, 1957. 

7. Harris, M. S, Hyman, M. M., and Kevins, D. B.: Resectable Form of Multiple 
Mesothelioma, Dis. Chest 35: 127-133, 1959. 

S. Heaney, J. P., Overton, R. C., and De Bakey, M. E.: Benign Localized Pleural Meso 
thelioma, J. Thoracic Surg. 34: 553-560, 1957. 

9. Hocliberg, L. A.: Endothelioma (Mesothelioma) of the Pleura, Am. Rev. Tubere. 63: 


150 175, 1951. 

Kahn, D. S., Glay, A., and Madore, P.: Malignant Pleural Mesothelioma, J. Thoracic 
Surg. 38: 225 234, 1959. 

■ Klemperer, P., and Rabin, C. B.. Primary Neoplasm of the Pleura, Arch. Path. 11: 

385-412, 1931. 

• Maximov, A : trber das Mesothel (Beckzellen der serosen Haute) und die Zellen der 

serosen Exsudate. Untersuchungen an entzundetem Gewcbe und an Gewebskulturen, 
Arch, fur exper. Zellforsch 4: 1-42, 1927. 

■ McCaugliey, AY. T. E.: Primary Tumors of the Pleura, J. Path. A Bact. 76: 517-529, 195S. 

• Bobertson, H. E.: Endothelioma of the Pleura, Am. J. Cancer Res. 8: 317-375, 1924. 

■ Sano, M. E, Weiss, E., and Gault, E. S.: Pleural Mesothelioma—Further History' of 

Its Histogenesis, J. Thoracic Surg. 19: 783-788, 1950. 

'■ stout i A. P., and Murray, M. R.: Localized Pleural Mesothelioma—Investigation of its 
Characteristics and Histogenesis by the Method of Tissue Culture, Arch. Path 34- 
951-964, 1942. 

• Stout, A. P., and Ilimadi, G. M.: Solitary (Localized) Mesothelioma of the Pleura 

Ann. Surg. 133: 50 64, 1951. 

• lobiassen, G.: Mesotheliomas: Case Reports of Primary Pleural Tumours, as Well as 

One Presumably Primary Pericardial Tumour, anil Suspicious Primary- Pleural 
„ ... ,, Tumours, Acta path. ct. microbiol. scandinav. Supp], 105 pp. 198-236, 1955 
o' \vJi Pa „ t , Ilolo S>- ° r Tumors, St. Louis, Mo., 1953, The C. V. Mosbv Conipanv. 

Wolcott, M. W., Shaver, W. A Walhup, II. E„ and Peasley, E. D.: Mesotheliomas 
of the Pleura, Dis Chest 36: 119 120, 1959. 

• Icsner, E., and Huruitz, A.: Localized Pleural Mesothelioma of the Epithelial Tvne 

J. Thoracic Surg. 26: 325 329, 1953. 1 • 1 ’ 



408 


EIIRENIIAFT, SENSENIG, LAWKEECE 


/. Thoracic and 
Ordjovas. Surg. 


tumors 5 years before the patient was seen with a massive hemorrhagic effusion. 
The tissue biopsy proved the diagnosis of multiple malignant mesotheliomas of 
the carcinomatous type. This patient is one of 2 patients in this group who 
survived 3 year's after the diagnosis had been made. The other patient (Case 
11), until a diffuse malignant mesothelioma, .survived 4 years. She died due 
to myasthenia grams and respirators' failure. At the time of her death there was 
evidence of recurrent enlargement of the pleural and mediastinal masses. The 
other 6 patients with diffuse malignant mesotheliomas died within 9 months 
after the diagnosis had been established. 

Six of the 8 patients in the group with localized fibrous mesotheliomas 
are alive and well, the most recent having been operated upon 2 years ago. 
One patient (Case 1) opera ted upon in 1927 died of a postoperative empyema. 
The other patient (Case 7) must he presumed to be dead. She was known 
to have extensive metastatic disease 4 years after pneumonectomy. Good palli¬ 
ation was obtained by this operation in the meantime. Localized fibrous meso¬ 
theliomas have a favorable prognosis but the microscopic picture may he 
one of great pleomorphism of cells and all degrees of malignancy. The tumors 
are usually well encapsulated and are easily removed for this reason. Only 

1 patient (Case 2) in our series could definitely be classified as having a 
benign lesion. All the othei's showed definite evidence of pleomorphism of 
cells and malignant changes and these lesions were called pleural fibrosarcomas. 

The appearance of the localized and diffuse tumors at operation is quite 
characteristic. There should be little difficulty in recognition and correct 
gross diagnosis. Frozen sections, however, at the time of exploratory tho¬ 
racotomy, are usually misleading in the diffuse malignant group. The differ¬ 
entiation between this lesion and metastatic carcinomatous pleural involvement 
may be impossible. Surgical removal in the group of patients with localize 
fibrous tumors is the only hope for cure. Local resection of the lesion was 
possible in 5 of our patients. Two patients (Cases 2 and 4) required lower 
lobectomies with removal of the encapsulated adherent masses. One patien 
(Case 7) was subjected to pneumonectomy and this patient’s tumor had 1,1 
filtrated into the lung hiluro. ^ 

In the group with diffuse malignant mesotheliomas, 2 patients were 
operated upon. One patient (Case 13) had an extrapleural pneumonectomy 
but died 2 months thereafter due to rapidly advancing metastatic disease. 
Exploratory thoracotomy and diagnosis by biopsy were done in the remaining 
patients. Irradiation therapy which is said to have little benefit m 
disease 5 was given to 4 of the patients (Cases 11, 12, 14, 16) with no bene m 

2 and good palliation in the others. Radioactive gold 1662 ’ 5 was used m 
pleurally in 2 patients (Cases 13, 14). In 1 patient it was used in a 1 ^ 
to external irradiation. It was of definite benefit in controlling the recurre 
pleural effusions. 

SUMMARY 

Eight cases of localized fibrous and 8 cases of diffuse malignant meso^ 
theliomas have been reported. The grouping of these neoplasms JIlt0 
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On physical examination the child was dyspneic and obviously ill. The temperature 
was 98.6° F. The pulse rate was 106 per minute and respirations were 46 per minute. 
The blood pressure was 90/72 mm. Hg. The skin was pale and had a gray cast, without 
overt cvanosis. The tonsils were enlarged but not inflamed. The veins of the neck were 
slightly distended. The chest was symmetrical but there was a suggestion of increased 
anteroposterior diameter. Re spiral ory movements were short and panting. The lungs 
were clear to percussion and auscultation. Contrary to the findings before hospitalization, 
the heart was enlarged. The point of maximum impulse was at the fifth intercostal space 
in the anterior axillary line. A Grade 3 systolic murmur was heard at the left sternal 
border. The liver was tender and palpable five fingerbreadtlis below the costal margin. 
The peripheral pulses were strong. Slight pitting edema was present in the ankles and 
lower legs. No clubbing of the fingers or toes was noted. 



Fig. l. Fig. 2. 

.. . 1-—Roentgenogram of the chest at the onset of illness. The slight prominence of 

no right auricle and pulmonary artery was interpreted to be within normal limits. 

, l[lr . 2 —Roentgenogram of the chest made 1 month later. Enlargement of the right 

e ’ v . e ntricle, and pulmonary artery became evident Both main pulmonary arteries were 
i ominent but peripheral vascular markings were diminished. 

Results of examination of blood and urine were normal. The circulation time, using 
Lecholin, was 18 seconds, arm-to-tongue. The venous pressure was 12.5 cm. saline. The 
tuberculin skin test was negative in the 1:1000 strength. The antistreptolysin titer was 
100. Results of several blood cultures were negative. 

Electrocardiograms revealed abnormal tracings characteristic of right ventricular 
'.'pertrophy or strain. Fluoroscopy and roentgenograms of the chest confirmed the cardiac 
enlargement, particularly of the right ventricle. Cardiac pulsations were diminished in 
amplitude. The pulmonary artery and its main branches were dilated but the vascular 
markings of the peripheral lung fields wore diminished (Fig. 2). 

Although the etiology was uncertain the clinical picture was one of sovere right- 
uled cardiac decompensation. A diagnosis of congenital pulmonary stenosis with post- 
tenotic ^Halation appeared most likely. Throughout the remainder of the clinical course, 
reatment consisted of oxygen inhalation, digitalization, diuretics, and restricted sodium 
intake. In spite of this treatment, the degree of cardiac failure progressed. The patient 
><camo rnoro lethargic; tachycardia, hepatomegaly, and edema becamo more pronounced, 
m Child died 7 weeks after the onset of illness and 3 weeks after admission to the bos- 


ISOLATED PULMONARY VENOUS SCLEROSIS: 
A CAUSE OF COR PULMONALE 

Jackson T. Crane, M.D., and Orville F. Grimes, M.D., 

San Francisco, Calif. 


I t has been known for almost two centuries that chronic pulmonary disease 
can produce untoward changes in cardiac function. The degree of such dis¬ 
turbances varies considerably and depends upon several factors which formerly 
were incompletely imderstood. In recent years investigations of cardiopul¬ 
monary disease have provided a wealth of dependable information with respect 
to the anatomic as well as the physiologic effects of pulmonary disease upon 
the heart. 

Regardless of the cause, the effects upon the heart are so characteristic that 
the syndrome is described by a special term: pulmonary cardiac disease, or cor 
pulmonale. Of the many etiological agents discussed in the literature, which 
include primary pulmonary hypertension, emphysema and fibrosis, chronic in¬ 
flammatory pulmonary disease and many others, there has not been a previous 
report of isolated pulmonary venous sclerosis as a cause of cor pulmonale. 

Recent observations on a 5-year-old child who had fibrous obliteration 
limited to the pulmonary veins, which resulted in acute cor pulmonale, are 
pertinent to the problem of puhnonaiy cardiac disease. 


CASE REPORT 

A 5-year-old girl was a normal, active, and healthy child prior to her present illness. 
The prenatal history and birth were unremarkable. During infancy, routine physical 
examinations and immunizations against the common childhood diseases were provide 
For 3 y-ears prior to the present illness, no professional medical care had been necessary 
One month before being hospitalized the child had developed a skin rash and dai > 
temperatures as high as 103° F. Ten days later, purulent material was noted in the cana 
of the right ear. A diagnosis of otitis media was made. By this time the rash had su 
sided somewhat but was still present. The rash was consistent with rabella but rug 
sensitization could not be excluded. The rash and the otitis media improved during 
next 4 days with penicillin therapy-. At this time bilateral basilar rales were first 
The liver had become tender and was palpable three fingerbreadths below the right 
margin. The heart sounds were normal. Roentgenograms demonstrated clear lung ^ 
and a cardiac silhouette that appeared to be within normal limits (Fig. 1)- T * 1C ^ SU { j ie 
of examination of blood and urine were normal. Two weeks before admission ^ 
hospital the child was dyspneic but did not have cyanosis or a cough. Because the s 
ness of breath became more severe, hospitalization became necessary. 

From the Departments of Pathology and Surgery, University of California School 
Medicine, San Francisco, Calif. 
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On physical examination the child was dyspneic and obviously ill. The temperature 
was 98.6° E. The pulse rate was 106 per minute and respirations were 46 per minute. 
The blood pressure was 90/72 mm. Hg. The skin was pale and had a gray cast, without 
overt cyanosis. The tonsils were enlarged but not inflamed. The veins of the neck were 
slightly distended. The chest was symmetrical but there was a suggestion of increased 
anteroposterior diameter. Respiratory' movements were short and panting. The lungs 
were clear to percussion and auscultation. Contrary to the findings before hospitalization, 
the heart was enlarged. The point of maximum impulse was at the fifth intercostal space 
in the anterior axillary line. A Grade 3 systolic murmur was heard at the left sternal 
border. The liver was tender and palpable five fingerbreadths below the costal margin. 
The peripheral pulses were strong. Slight pitting edema was present in the ankles and 
lower legs. No clubbing of the fingers or toes was noted. 



Fig. 1. Fig. 2. 
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‘ n Sht auricle and pulmonary artery was interpreted to he within normal limits. 
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ventricle, and pulmonary artery" became evident Both main pulmonary arteries were 
i minent but peripheral vascular markings were diminished. 


Results of examination of blood and urine were normal. The circulation time, using 
Jecholin, was IS seconds, arm-to-tongue. The venous pressure was 12.5 cm. saline. The 
tuberculin skin test was negative in the 1:1000 strength. The antistreptolysin titer was 
100. Results of several blood cultures were negative. 

j Electrocardiograms revealed abnormal tracings characteristic of right ventricular 
} pertrophy or strain. Fluoroscopy and roentgenograms of the chest confirmed the cardiac 
cn argcment, particularly of the right ventricle. Cardiac pulsations were diminished in 
onplitude. The pulmonary artery and its main branches were dilated but the vascular 
mar ings of the peripheral lung fields were diminished (Fig. 2). 

-'■'though the etiology was uncertain the clinical picture was one of severe right- 
' C' cardiac decompensation. A diagnosis of congenital pulmonary stenosis with post- 
treT**' 1 'Emulation appeared most likely. Throughout the remainder of the clinical course, 
int\ mCn * cons * s * c< ^ ox ygen inhalation, digitalization, diuretics, and restricted sodium 
l" a c ' * n s r!te of this treatment, the degree of cardiac failure progressed. The patient 
ecame more lethargic; tachycardia, hepatomegaly, and edema became more pronounced. 


The child died 7 
pi tal. 


weeks after the onset of illness and 3 weeks after admission to the hos- 
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Autopsy showed a normally developed and well-nourished female child. The skin 
was pale and had poor turgor but no cyanosis. Pitting edema was present in the lower 
logs. The abdominal cavity contained 200 c.c. of clear, straw-colored fluid. The liver 
was enlarged to a point 8 cm. below the right costal margin. Approximately 200 c.c. of 
clear fluid was present in each pleural cavity. The mediastinum was not remarkable 
except for the prominenco of the venae cavae and the azygos vein. The bronchial arteries 
were small and entered the lungs from tho aorta in a normal fashion. 

The heart weighed 105 grams. Tho right atrium, right ventricle, pulmonary artery 
and its main branches wero greatly dilated. The diameter of the pulmonary artery was 
twice that of the aorta. A friable mural thrombus, 1.5 cm. in diameter, was present in 
the right auricular appendage. The thickness of the right ventricular myocardium was 



Fig. 3—Postmortem arteriogram of the right middle and lower lobes. The c “J} e rial 
medium clearly outlines the pulmonary arterial tree, including the finer radicals 
occlusion is demonstrated 


0.8 cm., equal to that of the left ventricle. Although the rings of the tricuspid and P u 
monary valves were dilated, the valve leaflets were normal, as were the valvular rings 
and leaflets. The main pulmonary veins were slightly thickened but had adequate lumen.. 
No congenital anomalies of the heart, or great vessels, or of the lungs could be identifie • 

Microscopically, the mural thrombus in the right atrium was composed of a no wor 
of fibrin and formed blood elements. The thrombus showed no evidence of organization, 
thus indicating its relatively recent origin. Extreme hypertrophy of the myocardial i ers 
of the right atrium and ventricle was noted. 1 . 

The right lung weighed 300 grams and the left one weighed 280 grams. r05S 
the lungs showed generalized poor aeration and congestion. Several small (0.5 
2 cm.) wedge-shaped, deep red infarcts were noted, located predominantly in t e 
pleural parenchyma. Postmortem roentgenograpliic contrast studies of the pu mon ^ 
arteries were normal, with the exception of the zones corresponding to small recen 
farcts (Pig. 3). 
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Significant thicke nin g of all pulmonary veins was the predominant feature of the 
pulmonary vasculature (Pigs. 4, 5, 6, S). The veins showed extensive fibrous pro¬ 
liferation involving the media and intima. There vras partial to nearly complete oblitera¬ 
tion of the small terminal venules and medium-sized veins. Larger veins were also in¬ 
volved but in a focal manner and to a lesser degree. The deposition of fibrous tissue in 
most of the p ulm onary veins was dense and acellular (Pigs. 6 and S, S). Reticulum and 
collagenous fibers were concentrically arranged, completely choking off lumens or reducing 
them to narrow slits. No evidence of proliferation of elastic tissue was noted; all elastic 
fibers were confined to delicate adventitial structures. 

Most of the cells associated with the fibrous tissues were small spindle-shaped fibro- 
cytes. Occasionally, especially in areas where the collagen was less dense, fibroblasts 
were more prominent. Except for scattered histiocytes, inflammatory cells were not 
associated with involved pulmonary veins (Pig. 8). No vascular necrosis or acute 
phlebitis was found. The pulmonary arteries, in distinct contrast to the veins, were 
normal (Fig. 7). Identified by their close proximity to the bronchi and their characteristic 
mural structure, each artery presented a widely patent lumen, delicate intima, and dis¬ 
crete internal elastic membrane. A few small to medium-sized pulmonary arteries were 
completely occluded by recent unorganized emboli and were in the vicinity of small early- 
pulmonary infarcts. The remainder of the lung showed congestion of alveolar capillaries, 
extravasation of blood and serum into air spaces, and focal atelectasis. 

The liver weighed 760 grams. It was enlarged and had a tense capsule and a 
rounded lower edge. The parenchyma was finely mottled and was a deep Teddish-brown. 
Microscopically, considerable centrolobular congestion was noted. Except for passive 
congestion, the remainder of the organs were grossly and microscopically normal. None 
of the organs of the body other than the lungs showed changes in the vessels. 

The autopsy diagnosis was: Isolated pulmonary phlebosclerosis with (a) subacute 
cor pulmonale, (b) passive visceral congestion, and (c) mural thrombosis, right auricle, 
with pulmonary embolism. 

DISCUSSION 

Primary pulmonary vascular disease can be either congenital or acquired. 
In the former, multiple arteriovenous fistulas are of significance. Acquired pul¬ 
monary' vascular disease is not a single etiological entity. Three processes give 
nse to sclerosis and obliteration of pulmonary arteries and arterioles. The first 
of these is pulmonary arteriosclerosis. Most of these cases are not true forms 
°f arteriosclerosis but probably' reflect secondary vascular changes incident to 
long-continued pulmonary hypertension. 

Second, certain forms of vasculitis, especially acute necrotizing arteritis, 
Periarteritis nodosa, and granulomatous arteritis may involve the lungs, either 
as a pliase of the generalized disease or more rarely in an isolated form. It is 
probable that as time goes on many of the idiopathic sclerotic pulmonary vas¬ 
cular lesions will be classified as healed or burned-out varieties of “allergic’' 

vasculitis. 

Third, certain pulmonary vascular lesions are the result of repeated small 
em )°li to the lung. Over a period of time such emboli lead to pulmonary' ar- 

na sclerosis through the process of thrombosis, organization, and attempted 
ccennalization. In reality, these pulmonary vascular lesions should be excluded 
rnm th c general group of primary vascular diseases since the source of embolism 

usually- outside the lungs, for example in the deep veins of the leg or in the 
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Autopsy showed a normally developed and well-nourished female child. The shin 
was pale and had poor turgor but no cyanosis. Pitting edema was present in the lower 
logs. The abdominal’ cavity contained 200 c.c. of clear, straw-colored fluid. The liver 
was enlarged to a point S cm. below the right costal margin. Approximately 200 cc. of 
clear fluid was piesent in each pleural cavity. The mediastinum was not remarkable 
except for the prominence of the venae cavae and the azygos vein. The bronchial arteries 
were small and enteied the lungs from the aorta in a normal fashion. 

The heart weighed 105 grams. The right atrium, right ventricle, pulmonary arten 
and its main branches were greatly dilated. The diameter of the pulmonary artery wa« 
twice that of the aorta. A friable mural thrombus, 1.5 cm. in diameter, was present in 
the right auricular appendage. The thickness of the right ventricular myocardium was 
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Fig- 3.—Postmortem arteriogram of the right middle and lower lopes A ar terial 
medium clearly outlines the pulmonary arterial tree, including the finer radicals 
occlusion is demonstrated 

0.S cm., equal to that of the left ventricle. Although the rings of the tricuspid an *^ 
monary valves were dilated, the valve leaflets were normal, as were the valvular r^ 
and leaflets. The main pulmonary veins were slightly thickened but had adequate u 
No congenital anomalies of the heart, or great vessels, or of the lungs could he i 
Microscopically, the mural thrombus in the right atrium was composed of a 
of fibrin and formed blood elements. The thrombus showed no evidence of or S®^ ! ^ ers 
thus indicating its relatively recent origin. Extreme hypertrophy of the myocar 
of the right atrium and ventricle was noted. Grossly 

The right lung weighed 300 grams and the left one weighed 280 grams. ^ (0 
the lungs showed generalized poor aeration and congestion. Several small ( • ^ 

2 cm.) wedge-shaped, deep red infarcts were noted, located predominant!} in oBM y 
pleural parenchyma. Postmortem roentgenographie contrast studies of t e ^ ecen t in 
arteries were normal, with the exception of the zones corresponding to sma 
farcts (Fig. 3). 




Fig 7—Medium-sized pulmonary arterj m contrast to \eins shown in Figs 5 and 0 
Representative of all the pulmonary arteries with respect to normalcy, this \essel shows a 
JMdely patent lumen, delicate intima, discrete in ernal elastic membrane and a media of normal 
thickness (Weigert and lan Gieson. X200, reduced ^ ) 



'pncentMc.MH-Small pulmonary veins .1. Complete obliteration of the lumens b\ 
Jhmmbo'es or vmvnMM’ de " s0 ., collnecnous fibrous tissue There is no evidence of orranljr-d 
*n tho looser ^ x , terna l clastic lamellae are delicate Note scattered hl'dlocvto'; 

looser fibrous tissue of \eln In A (Welgert and \an Gieson. X3 20 . reduced 
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Sclerosis of the pulmonary veins is occasionally noted in adults having pri¬ 
mary pu monaiy hypertension. The sclerosis, however, is always minimal and 
is overshadowed by the extensive involvement of the pulmonary'arteries. Such 
ocai areas of venous occlusion are probably secondary, reflecting stasis of the 
venous circulation, followed by thrombosis. 

Tiie literature was reviewed but no case was found similar to the one re¬ 
ported here. Pulmonary vascular disease in both adults and children involves 
primarily the pulmonary arteries and arterioles. Most of these conditions have 
been considered as inflammatory, or even “allergic” in type. Other lesions, 
especially those occurring in children, have been described as the result of 
medial hypertrophy and endothelial proliferation of arterioles, perhaps repre¬ 
senting congenital malformations. 

Little can be said concerning the etiology and pathogenesis of isolated pul¬ 
monary phleboselerosis. Experimental and clinical studies have shown that 
arteriolization of venous systems leads to obliterative venous sclerosis. Nothing 
in tins case suggested a generalized accession of arterial blood to the pul monaiy 
veins. 

In the ease reported here there were features which suggest that the process 
was a result of panpulmonary phlebitis which produced obliterative sclerosis. 
There were no findings which would support an infectious or toxic etiological 
agent. Of some significance in this case was the early occurrence of a skin rash, 
thought at one time to be an allergic phenomenon. 


SUMMARY 

Obstructing sclerosis of the pulmonary veins has not been reported previ¬ 
ously. In the case presented here, fatal cor pulmonale resulted from the un¬ 
relenting effects of obstruction of the pulmonary blood flow due to widespread 
venous sclerosis in the presence of a perfectly normal pulmonary arterial tree. 
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A NOTE ON THE TECHNIQUE OF MITRAL VALVULOTOMY 

Allan E. Bloomberg, M.D., and Philip Glotzer, M.D., New York City, N.Y. 


W hen the standard left anterolateral thoracotomy is used for mitral val¬ 
vulotomy, difficulty is frequently encountered in fracturing the posterior 
commissure with the finger, whereas the anterior commissure is more readily 
fractured. It is diffi cult to bring the full power of the right index finger to 
bear on the posterior commissure with this approach. 

Experience with the right-sided approach, described by Neptune and 
Bailey , 1 has demonstrated the ease of exerting more direct pressure to the 
posterior commissure. This technique, however, fails to accomplish obliteration 
of the left atrial appendage, which may continue to be a source for thrombus 
formation and embolization. In addition, difficulty has been encountered in 
reaching the valve through the Neptune and Bailey right-sided approach when 
the left atrium has been very large. 

Ready access to both commissures and obliteration of the atrial appendage 
may be accomplished by positioning the surgeon to the patient’s right, facing 
the patient, and utilizing a left anterolateral thoracotomy. The patient is 
placed in the right lateral semirecumbent position. A left inframammary 
mcision is made and the pleural cavity is entered through the fourth inter¬ 
space. The lung is retracted laterally and the pericardium is entered parallel 
to and either anterior or posterior to the phrenic nerve. After exploration 
of the external surface of the heart, a puree-string suture is placed at the base 
of the auricular appendage in such a fashion so that it may be incorporated in 
a Rumel tourniquet at the caudal end of the appendage. A Satinsky-type 
olamp is placed across the neck of the appendage distal to the purse-string 
suture. An incision is made on the lateral wall of the appendage. The 
operator’s index finger (left or right) is inserted into the atrium as the Satin- 
sky clamp is removed. 

Following exploration of the atrium, the valve and its commissures, finger 
racture of the commissures is performed. For fracture of the anterior com¬ 
missure, the hand and finger are rotated slightly internally so that the flexor 
aspect of the tip of the finger engages the line of the anterior commissure at 
c valve orifice. Flexion of the finger in the line of the commissure permits 
le greatest application of direct force. With the orifice partially open, the 
^mdae tendineae attached to the area of the posterior commissure may now 

From the Surgical Division, The Monteflore Hospital. New York City, N Y 
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be palpated. External rotation of the operator’s right hand places the finger 
in a position to apply the same degree of direct force by flexion for fracture 
of the posterior commissure. 

When initial palpation of the posterior commissure has revealed it to he 
short, it is advisable to open this commissure first, taldng advantage of the 
fixation provided by the fused anterior commissure. 



Fig 1 —After the operator’s Anger is inserted into the atrial appendage, the ?JL tlon 
commissure may be felt by slightly rotating the hand and finger internally. External J finder 
of the hand brings the finger into position to palpate the posterior commissure 
is in good position, against both commissures, to apply flexion action directly. 

Closure is accomplished by ligating the base of the appendage and over¬ 
sewing the atrial incision, after a portion of the appendage has been excisci 
for histologic study. The use of supplemental commissurotomy knives has 
been virtually eliminated. However, cutting instruments may be inserted into 
the atrium with the same ease as from the left side. 

Since adopting this approach, a complete commissurotomy has been pei- 
formed with greater facility than with the classical left-sided approach. 
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Notice of Annual Meeting 

Tiie Forty-first Annual Meeting of The American Association for Thoracic 
Surgery will he held April 24. 25. and 26. 1961. in Philadelphia. Pennsylvania. 
Headquarters will be the Sheraton Hotel. 


Bequests for Hotel Reservations 

These should be mailed directly to Mr. Brian Kirby, Reservation Manager. 
Sheraton Hotel. Philadelphia 3, Pennsylvania. Please mention this Associa¬ 
tion, the type of accommodation desired, the date, and approximate hour of 
arrival and departure. If accommodations are desired elsewhere please com¬ 
municate directly with the hotel of your choice. 


Material for the Program 


Sctexthtc Papers. —Abstracts of ail papers proposed for presentation at 
the 1961 meeting must be received on or before November 15, 1960, otherwise 
they will not be considered by the Program Committee. These should be 
labeled “For Thoracic Surgery Forum” or “For Regular Program' 5 depending 
u pon the nature of the subject matter, in the same manner as in previous 
• ears - They should contain from 200 to 250 words that accurately reflect the 
content of the completed paper. 


>S7r, repeat, six clearly legible copies of each abstract must be sent to Miss 
a Hanvey, Administrative Assistant, The American Association for Thoracic 
‘-urgery, 308 Carondelet Building. 7730 Carondelet Avenue. St. Louis (Clayton; 
Missouri. 


Essayists selected for the program are reminded that papers presented at 
e meeting must be handed to the secretary immediately after their presenta- 
tl0 °* t5le . v are not ready at that time there is a chance that they will not he 
pu ished in The Journal of Thoracic and Cardiovascular Surgery. 
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Applications for Membership 

Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than November 15, 1960, otherwise 
the application will be deferred for consideration until the 1962 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signature on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 

Frank Gerbode, M.D. 

Chairman of the Membership Committee 
Presbyterian Medical Center 
San Francisco 15, California 

Sponsors are reminded that new letters of recommendation must be 
forwarded to the Chairman of the Membership Committee should their appli¬ 
cants be held over for reconsideration a second year. 
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Original Comm unications 
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T he AwuLABtLiTY of a satisfactory apparatus for conducting whole body 
perfusion lias stimulated the development of a variety of techniques by 
dinc-rent laboratories. Perfusion has been governed by attempting to control 
one or more physiologic modalities, including arterial flow rate, arterial 
blood pressure, venons oxygen tension, etc. However, it has been the common 
experience of numerous investigators that linear relationships between the 
modalities do not always occur. The failure of some ox these linear relation¬ 
ships to remain parallel throughout total body perfusion has been credited 
in the past to changes in vasomotor tone. Alteration in vasomotor tone pro¬ 
duces changes iu total peripheral resistance which have been studied by several 
investigators. 1 ' 5 Read and associates 5 studied the effects of alterations in vaso¬ 
motor tone in both total peripheral resistance and pressure flow relationships in 
dogs undergoing total body perfusion by surgical ablation of the central nervous 
system or administration of vaso-aetive drugs. It was their opinion that total pe¬ 
ripheral resistance in the intact state is made tip of several components of 
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approximately equal magnitude, namely, nervous influences, inherent myogenic 
vascular tone, viscous properties of blood, and dimensional considerations in the 
completely relaxed vessels. McGoon and associates 3 studied 3 patients under¬ 
going total body perfusion and found that mean arterial blood pressure became 
subnormal at the start of perfusion but returned progressively toward normal as 
the result of an increasing peripheral vascular resistance. These patients were 
perfused at normothennia utilizing a blood flow rate of approximately 2.3 L. 
per square meter of body surface per minute. 

The purpose of the present study was to ascertain the change in periph¬ 
eral vascular resistance associated with total body perfusion carried out 
under normothermic conditions and with the arterial flow rate adjusted to 
maintain a relatively normal arterial blood pressure. 

METHODS 

Eighteen dogs whose weights ranged from 11.0 to 16.5 kilograms (average 
13.0 Kg.) were lightly anesthetized with thiopental sodium. Polyethylene 
cannulas were then inserted into the left femoral artery and vein. These 
cannulas were connected to Statham strain gauges for pressure recordings. 
The carotid artery was isolated in the neck for eventual insertion of the 
inflow cannula. A right thoracotomy through the fifth intercostal space was 
performed, after which the pulmonary artery was dissected from the aorta and 
the cardiac output measured. This measurement, using the Bowman Gray 
square wave electromagnetic flowmeter, has been previously described 3 and con¬ 
sists of the placement of a noneannulating flow probe around the ascending 
aorta to allow the measurement of ascending aortic flow. Studies were then 
begun by recording cardiac output (with the exception of coronary flow), 
arterial pressure, venous pressure, electroencephalogram, and electrocardio¬ 
gram on a multichannel recorder. 

The arterial inflow line from the rotating disc oxygenator was inserted 
into the carotid artery, after which a single % inch outflow cannula was 
placed through the right atrial wall extending into the right ventricular 
cavity. Total cardiopulmonary bypass was begun with the pulmonary artery 
completely occluded either by tape or clamp. Similar monitoring of the above- 
mentioned modalities was carried out during the entire period of bypass with 
the exception that, during bypass, flow was measured on the arterial line of 
the bypass unit using the same electromagnetic flowmeter. 7 ’ 8 During perfusion 
arterial pressure was maintained within 20 mm. of values before bypass by 
adjusting pump speed. Temperature was controlled within 2.5° C. by means 
of the Brown-Emmons heat exchanger inserted in the arterial line. Following 
a 30-minute perfusion, attempts were made to equilibrate pre-prefusion blood 
volume in the animal with blood from the oxygenator. Monitoring was con¬ 
tinued and repeat aortic flows were measured in the ascending aorta for periods 
of 30 minutes to 1 hour after bypass. At intervals throughout the procedure, 
blood samples were drawn for oxygen content, pH, and hematocrit. A1 
animals were sacrificed following the completion of the experiments. 
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Approximately 50 points were selected at appropriate intervals on the 
monitor record, pressures and flows were calculated, and total peripheral 
resistance calculated from the formula: 

Mean arterial pressure (mm. Hg) - Mean venous pressure (nun. Hg) 
Blood flow (ml./min.) 

The results of these studies have been plotted in graph form to depict changes 
which occurred. 


TOTAL PERIPHERAL RESISTANCE - NORMOTHERMIA - NORMOTENSION 



* U This graph was formed from points selected at regular intervals from the monitor 
record. Note the rise in resistance during bypass and immediate fall afterward. 

RESULTS 


Eight studies were discarded because of technical reasons which made 
die experiment inadequate. The reasons usually centered around seques¬ 
tration of blood in the portal vascular bed and/or abnormally high rises in 
venous pressure. Fig. 1 depicts a typical experimental record showing 
arterial and venous pressures, flow rates before, during, and after bypass, 
and calculated vascular peripheral resistances. Of note in this record, as well as 
m others, is the drop in arterial blood pressure just prior to institution of total 
lypass due to interference with venous return at the insertion of venous 
catheters. 


It can be seen that the average cardiac output in these animals falls 
somewhat below established norms as measured in our laboratory as well as 
b others. A comparison of the average cardiac output, as measured hi- the 
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flowmeter with the output of the pump during bypass, can be seen in Fig. 2 
which demonstrates in general the diminution in flow as governed by the con¬ 
ditions of these experiments. 

Average peripheral vascular resistance units have been calculated for 
the period prior to bypass, the fii’st 15 minutes of bypass, and the second 15 



DOG NO 2 3 5 7 8 9 10 

Wt in Kilo 15 5 16 5 II 0 12 0 13 5 12 5 II 0 


□ Cardiac oulput before perfusion 
Hi Flow rote during by-poss 


Fig. 2.—-These experiments demonstrate the decrease in flow rate during 
compared with cardiac output before bypass. Dog 7 is the lone exception where penu-i 
rate actually exceeded cardiac output slightly. 


PERIPHERAL VASCULAR RESISTANCE 
AND TOTAL BODY PERFUSION 



Wt in Kilo 15 5 16 5 110 12 0 13 5 12 5 110 


|Hi Average pre by-poss 
I _ | Average 1st 15 min 
I | Average last 15 min 

Fie 3_These experiments show the characteristic increase in resistance dl T{”| eI ow 

period of livpass Dog 7 developed increased resistance initially but showed a f. 
pre-bypass levels toward the end of perfusion. 
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minutes of bypass, and are shown on Fig. 3. These typical experiments 
show a uniform increase in peripheral vascular resistance which becomes 
more marked toward the latter period of the bypass, except for experiment 
7 which showed a slight fall in peripheral resistance after an initial rise. The 
reason for this finding has not been explained on the basis of conditions of 
the experiment in that this animal was subjected to the same standard con¬ 
ditions as all others. 

Total oxygen consumption has been averaged from the determinations 
made both before and during bypass to allow a comparison of these figures 
as shown in Fig. 4. Under the conditions of these experiments it can be seen 
that there was a significant decrease in oxygen utilization during bypass as 
compared with the period before bypass. 


TISSUE OXYGEN CONSUMPTION 
BEFORE AND DURING PERFUSION 



DOG NO 3 4 8 9 10 

Wt in Kilo 16 5 147 135 12 5 NO 


I- I Before By-pass 
During By-pass 


ist'en, 1 V 77^1 n consumption (calculated from arteriovenous difference and flow rate) 

s 3 and 9 tm* ex P ftr ‘ m <mts during perfusion as shown in this graph. In some instances 
a and 9), this reduction amounted to more than 50 per cent. 


pH values were consistently in the alkalotic range before bypass and, in 
general, came back toward normal levels during the bypass. The lowest pH 
’eeoided during bypass in any of these experiments was 7.32 and this level 
" as maintained for only 5 minutes prior to a rise toward normal levels, 
in i ValueS generall - v dropped toward the aeidotie range in the period im- 
wY| 1 - ate ^ after bypass and in a few experiments were in the range of 7.29 
" * Ul J ^ minutes after bypass. Carbon dioxide content was not measured fre- 
hwmly enough to allow adequate study of buffer base values. 


COMMENTS 

me™,Vi ? f , mt01 ’ est tll;U the avera D e cardiac output from these animals as 
ln-'th C< rv i re - b y pass is helmv levels considered to be normal as measured 
P ‘ * n lck P r >nciplc and b y inlying flowmeter probes in awake animals. 
anesW ' ’"nimtum in cardiac output is produced to some extent bv 

'."sspIs V in P -V’ hy thoracoto “y and dissection around the great 
vns considered m these experiments that blood loss per se was 
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not a major factor, in view of the fact that great care was taken to assure 
adequate hemostasis with minimal blood loss during the procedure. On 
the other hand, flow required to maintain normotension within the given 
limits during bypass generally fell far below the cardiac output before bypass. 
According to our current concepts of bypass management, these animals cer¬ 
tainly underwent low flows during these experiments. Further evidence of low 
flow is mirrored by the diminution of oxygen consumption, as well as a tendency 
toward increasing A-V difference during the bypass. 

Elevated pH figures before bypass were almost certainly due to hyper¬ 
ventilation with removal of carbon dioxide and development of a respiratory 
alkalosis. Since 100 per cent oxygen was used in the oxygenator, we can 
assume that the maintenance of normal pH during the period of bypass was in 
a large part due to hypocapnea. This “false” pH maintenance and its ability 
to mask a progressive metabolic acidosis has been emphasized by Moore. 9 

The rise in peripheral vascular resistance in this study is possibly 
related to the above-mentioned low flows with attendant development of oxygen 
debt during perfusion. It. is well known that prolonged hypoxia eventually 
leads to vasodilatation with a pronounced drop in peripheral resistance as 
seen in severe hemorrhagic and/or traumatic shock. However, in view of the 
fact that these perfusions were of relatively short duration, it might be 
that the initial change is one of an increase in peripheral resistance which 
could bo seen to fall if conditions of perfusion were allowed to prevail foi 
a longer period. 

It is of interest that this elevated total resistance dropped promptly 
upon returning the circulation to the animal’s heart and lungs. Ankeney 
has found this same phenomenon in dogs when they were perfused wi i 
low flow rates (50 c.c./Kg./min.). He believes that it reflects pooling in in¬ 


accessible vascular beds. 

Another possible explanation for the increasing peripheral vascular rc 
sistance during total body perfusion is that afferent vagal endings situa e 
in the right atrium cause a generalized vagal type constriction as a resu 
of the fall in venous pressure in the atrium brought by the nature of -tenons 
caimulation itself. This reflex is thought to be responsible in part- foi t^c 
vasoconstriction which occurs as the usual response to hemorrhage and srugw< 
shock. 10 Both of these conditions are associated with fall in venous pressure- 

The well-known tendency^ of the dog to sequestrate blood in the P 0 ^ 
system was seen in some of these experiments. All studies were discar e 
when significant blood loss from the oxygenator, or hepatic engorgement,^' 
abnormal rise in inferior vena caval pressure was demonstrated. Nevert ie > 
minor degrees of sequestration could occur and conceivably could contrim 
to changes in peripheral resistance as seen here. 


conclusions 

1. The governing of total cardiopulmonary bypass solely by maintenance 
of pre-bypass arterial pressure is by no means a safe criterion of adequa 
total body perfusion. 



Vol. 40. No. 4 
October, i960 


PERIPHERAL VASCKLAB RESISTANCE. I 


427 


2. Under conditions of normothermia and normotension during total 
cardiopulmonary bypass in tlie dog, total peripheral vascular resistance tends ■ 
to increase during a 30-minute bypass period and to drop sharply immediately 
upon returning circulation to normal. 

3. Under these conditions arterial blood flow corresponding to cardiac 
output is materially reduced over basal cardiac output before bypass. 

4. A marked decrease in oxygen uptake by the tissues during the bypass 
reflects this diminution in arterial flow. 

5. Apparently adequate pH range can be maintained under the conditions 
of these experiments for periods of 30 minutes, but this pH range might well 
he maintained “falsely” by diminution in carbon dioxide partial pressure. 
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Discussion- 


dr. C. FREDERICK KITTLE, Kansas City, Kans.—Dr. Adams, the previous paper 
an 'l the discussers have placed particular stress on the arterial side of the vascular unit 
'hat is being perfused. I should like to call attention to the fact that this is not a 
■ngular vascular unit, bnt is, actually, a series of units, each with various factors con¬ 
trolling not only the arterioles but also the capillaries and veins. 


Ve have approached the problem of attempting to segregate these by delineating 

c factors responsible for the return of blood from the inferior and the superior venae 
eavae. 


One can determine the relative per cent of venous return through these two main 
3r S ° f the tod - v - Then b - v altering the flow rate of the pump, by the administration of 
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(liugH, by lowering tlio body temperature, or by pioducing hypoxia, one ran deternnno 
various regional factors controlling resistance. 

Vory briefly, no have found that, although the perfusion rate romnins constant, so 
that the total venous return is constant, tho administration of neon) nephnne, for instance, 
instills in a relative and absoluto increase of flow through the superior vena envn. Arfonml 
and hypoxia have a similar action. 

I am calling attention to this because vaiious regional manifestations may he mi 
portant with long-term per/usion, or with perfusion at lower temperatures, more so than 
is presently reeogni/ed. 

llJi. DWIGHT C. MC GOON, Rochester, Minn.—Tliis excollonl paper hy Ur. Cordell, 
as well as the linal paper by Dr. Hanger, in addition to the many remarks of the various 
discussers of those papers have indicated that the peiiused body is subject to variations 
in vasomotor tone due to causes which may he varied, and many of thorn remain unknown 

This slide merely demonstrates an example of the stud.v, to which Dr. Cordell re 
lerred, in which the arteiial pressure following the onset of pciftision was definitely 
reduced. Still, during perfusion, this pressure tended gradually to increase, in spite of 
the total blood flow remaining constant. Of course, the total peripheral resistance con 
comitantly increased during this time. 

The inet that tho blood prcssuio did decline during peifusion is of concern, and I 
wonder if it would bo nppropiinlo to try to examine these dnta that hnvo been presented 
today to see how they influence our selection of an optimal system of perfusion. I think the 
basic requirement of peifusion is provision of the tissues of the body with the necc'WJ 
metabolic wants and needs, and it would seem that to accomplish that wc must provide an 
ample flow of blood or “normal” blood flow to tho capillaries of those tissues. The question 
is: Is it lii’ttci to contiol tho flow tluough the capillaries hy perfusing at a theoretical j 
given noimal rato or by tutorial or venous pressure levels, or is it bettor to perfuse according 
to (he chemical nature of the blood returning to the machine? 

Wo feel that theio aro ample data to demonstrate that tho capillary blood <lo" IS 
normal as long as tho total body peifusion is in tho theoretically normal langc. Since vaso 
motor contiol and tone aio so variable, it is bettci to perfuse at a given rate and disregnri 
changes in piessme than it is to control the rate of peifusion on the basis of pressure eve 
alone 


DR. J. L. ANKDNEY, Cleveland, Ohio.—We, loo, have boon mtoicstod in the effect 
o( perfusion upon vascular resistance and hnvo earned out a series of experiments^ 
which arterial pressure and caidiac output (mcnsuiod by a rotameter) were rceoru 
vascular losistanco calculated bofoie and aftoi a 4/5 minuto ponod of extracorporeal h'P 11 
In all animals, hypotension followed perfusion and, m each instance, cardiac output "i^ 
significantly loduccd. In flioso animals peifused at 700 c c./Kg./min. (high flow), ltr ^ 
was no significant change in vnsctilni insistence as a iesult of periiision. Howi' 1 ’. 
dogs perfused at HO c.c./ICg/iiiiii. (Jow flow), tho total vascular resistance was significnit 

reduced. , sise 

Theiefoio, we found hypotension following high flow peifusion is due to a < 
in cardiac output and not to a change in vascului insistence. ITvpotension after ^ 

rates, hovvovoi, is duo not only to decreased cardiac output but also to a dneronso 111 ^ 

body vnsctilni insistence, l’ostpeifusion tinnsfusions ictum cardiac output an V 
to control levels. Therefore, we have found it efficacious to bring all patients « ^ 

lusion with a positive blood balance. As a iesult, hypotonsioii poslopeiativc v 111 
been a piohlem a rid vasodepressor x have not been nocossnrv. 


DR. MERRILL P. ,SPDNCLR, Winston .Salem, N. C.-T find myself m 
agicement with Dr. McGoon’s renmiks when he indicated that tho peripheral 
can be ignored if you use an adequate flow rate 
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Our approach to this problem has been to examine the general total body response 
to perfusion. It is our plan, as I believe Dr. Kittle indicated, to study regional flow in 
animals, but for this particular presentation we confined ourselves to the total peripheral 
resistance. 

Among the many factors which can influence peripheral resistance, we have the 
earotid sinns reflex and we have the agents which have been liberated from breakdown 
of the cells of the body as it is traumatized, to a greater or lesser extent, through the 
perfusion apparatus. 

The carotid sinus reflex itself is a very basic mechanism, and seems to be a good 
thing to explain most of the results that we and others have shown. This reflex would 
predict the findings that Read and his co-workers have shown; namely, that as one in¬ 
creases the flow, the total pressure goes up, but it levels off, so that one reaches a level 
of pressure where there can be a great change in flow in the body with relatively small 
changes in pressure. This happens to be within the range of normal arterial pressure, 
and we find that the maintenance of a normal arterial pressure is not a good indication 
of whether or not the body tissues are adequately perfused. We should maintain a normal 
perfusion rate in preference to a normal pressure. 

Factors involving the local changes must be studied. We know that the coronary 
bed and the cerebral bed require a normal arterial pressure in order to get an adequate 
flow. The brain seemingly has no prominent local mechanism to regulate its flow, so 
certainly it needs a pressure somewhere within normal range. As far as the rest of the body 
is concerned—the kidney, the liver, the muscle bed—they undoubtedly show the acidosis 
of low flow conditions and cause a great deal of trouble in the postoperative period. 

We shall say in conclusion that we feel that the flow through the total body is 
extremely important, and this should be maintained at a high level. Certainly other 
factors should be monitored, such as arterial pressure and pH (to see whether or not we 
are getting any acidosis). We must find a way of correcting our pH readings readily 
and rapidly for CO. changes. 

We believe that the oxygen tension is very important, particularly in the venous 
blood returning to the heart, but it is our opinion that the total body flow gives the kev 
factoT that must be monitored during perfusion. 



LIPURIA AND LIPASEMIA AFTER THORACIC 
SURGICAL PROCEDURES 
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Kansas City, Kan. 


T he occurrence of an elevated serum lipase and the presence of urinary fat 
in certain diseases and after trauma, associated with operations and injuries, 
has been noted by several investigators. 11,12,25,29 In some instances these 
findings have been interpreted as indicative of fat embolization. 4,9 ’ 1S ’ * 
elevated serum lipase and lipuria have been demonstrated to occur aftei bae 
tures, 22 after various orthopedic and soft tissue procedures, 3 ' 20, ' 4 in patients 
with diabetic glomerulosclerosis, 13 and in acute pancreatitis. 15 

Robb-Smith 25 reviewed 7S9 accidents in which 125 deaths occurred. He uas 
the first to emphasize the importance of large fat globules in the serum o 
patients dying with fat embolism, although this had been noted previous j 5 
others. 30 - 36, 37 

Peltier 23 effectively demonstrated the value of a tourniquet in operations 
upon bone to prevent fat droplets from entering the systemic circulation. n 
the basis of experimental and clinical data he advised application of a f° u1 ^ 
quet in operative procedures involving the bone in order to decrease 


embolism. . , 

Bryans and Eiseman 3 studied 130 patients undergoing various suigie 
procedures. Sixty-seven of these had had operations involving the soft Hssue^ 
Fifty-one of these operations were classed as major procedures; 2 0 

patients had postoperative fat globules in the serum. Sixteen were nun^ 
procedures; 3 patients had postoperative fat globules. In 37 patients un ^ 
going orthopedic procedures, the incidence of fat globulinemia m 15 m 'H° 
operations was 66.6 per cent (10 patients) and in 22 minor operations : ' 

22 7 per cent (5 patients). They concluded that fat globulinemia is cone < ^ 
with the degree of operative trauma. In 5 dogs, they fractured the ^ 

each leg individually and then examined the serum for fat globules a ‘ 
fracture. In each animal at least one examination showed fat globules i 

ZZ -nonnrtment of Surgery and the James B. Weaver Laboratory for Orthop 

Surged’ Unlvlrs^ty ^Kansas Me dfelf Center, Kansas City, Kan. 

Supported by U. S. Public Health Service Grant H-3592. Thoracic Surgery 
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serum. but in 9 of the 20 analyses no globules were noted. They believed that 
if the origin of the fat globules were from the fracture sites, a higher incidence 
of globules would be expected. 

In an analysis of To orthopedic patients. Peltier and Lai -4 found 16 of 
them with a significantly elevated serum lipase. Twenty of these patients had 
had elective orthopedic procedures. 4S sustained fractures of one bone, and r 
sustained multiple fractures. Xo patient with a minor bone injury or with 
injuries limited to the soft tissue had an elevated serum lipase. 

McKeown 19 studied the surgical specimens from IT patients after lobectomy 
or pneumonectomy and the lung biopsies of 24 patients having mitral valvotomy. 
In 10 of the IT resected lung specimens and in 4 of the 24 lung biopsies, she found 
fat emboli in the lung. In 2 of the patients, bone marrow emboli were found 
within the pulmonary vessels. She believed these to be incidental findings and 
of no clinical significance. 

Schmidt 27 has reported a patient with atrial septal defect and anomalous 
pulmonary venous return who developed symptoms of embolism on the third 
postoperative day following an exploratory pericardiotomy. The patient died 
on the firth postoperative day from bone marrow and fat embolism to the lungs. 

Because of our interest in the problem of fat embolism, we should like 
to present our study of hyperlipasemia and lipuria following various types 
ox thoracotomies, including those with extracorporeal circulation. A series 
of patients undergoing other surgical procedures is used for comparison. The 
data include 110 patients, of whom 3S had thoracotomy. 19 utilizing extra¬ 
corporeal circulation: 32 with either laparotomy or major surgical procedures 
on soft tissues: and 40 with operative procedures involving fresh skeletal trauma. 


methods 

Samples of the patients' blood and mine were obtained on the day prior 
to operation and on succeeding days up to the eighth postoperative day. Im¬ 
mediately after obtaining the blood it was transferred to centiifuge tubes, 
allowed to clot, and centrifuged with subsequent removal of the serum. The 
tuane in most instances was collected from patients after insertion of an 
mdwelling catheter. Samples were collected in volumetric flasks previously 
"ashed carefully to remove all traces of fatty substances. 

Serum lipase was determined by the method of Cherry and Crandall. 5 
< * s modified hy Comfort and Osterberg. 6 This consists essentially of incubating 
-0 mL of serum with a buffered olive oil emulsion at 3T° C. for 24 hours. 

e free fatty acids released by hydrolysis are then titrated to an end point with 
•5X sodium hydroxide. Besults are reported in milliliters of 0.5X sodium 
! v i oxide. The mean serum lipase by this method in our laboratory in 100 
"ornial individuals was 0.3T, with a standard deviation of 0.26. 

. Lipuria was measured by the method of Seuderi. 31 The meniscirs of urine 
»> tire volumetric flask was skimmed with a 3 nun. platinum loop and its contents 
smeared on a glass slide. After the slide had been permitted to dry, it. was 
overed with several drops of a saturated solution of Sudan III and TO per 



Table I. Patients Undergoing Thoracotomy With Extracorporeal Circulation 
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cent aleoliol. The slide was covered with a cover slip and immediately examined 
microscopically. The urine also was examined microscopically by the method 
of Adler, Peltier, and Lai. 1 This consists of a staining technique utilizing 
Xile blue sulfate as a selective dye. Five drops of this staining solution are 
layered on the surface of urine in the volumetric flask. After 2 minutes, 
five drops of ether are added. Following evaporation of the ether, the walls 
of the flask are examined. If fat globules are present, small drops of pink-to- 
red color will be precipitated on the walls of the flask above the meniscus. 

RESULTS 

In the 19 patients who had a thoracotomy with extracorporeal circulation, 
9 were males, 10 were females, and their average age was 15.9 years. In 
17 patients, a sternal splitting incision was used, and, in 2, an intercostal incision 
(Table I). Seven patients had a ventricular septal defect, 6 aortic stenosis, 
2 atrial septal defect, 2 pulmonary stenosis, 1 mitral insufficiency, and 1 tetralogy 
of Fallot. Preoperatively (Table II), the mean serum lipase in this group 
was 0.40 ml. with a standard deviation of 0.20; 3 patients had urine positive 



01 fat. Postoperatively, the mean value for serum lipase on the first post¬ 
operative day was 0.48 with a standard deviation of 0.28, on the second day 
.Go with a standard deviation of 0.71, on the third day 0.95 'with a standard 
eviation of 0.70, on the fourth day 0.98 with a standard deviation of 0.71, and 
°n the fifth day 0.92 with a standard deviation of 0.67. Lipuria was found 
m dic I" 7 patients on the first postoperative day, 8 of 17 patients on the 
second day, 9 of 18 patients on the third day, 8 of 17 patients on the fourth 
a J i and 4 of 16 patients on the fifth day. 


4 11 patients undergoing thoracotomy without extracorporeal circulation 
adults. This group was composed of 7 males and 12 females. Preopera- 
(Table III), mean serum lipase was 0.56 nil. (standard deviation 0.47). 
1 ipuna was found in 2 patients before operation. The mean value for serum 
0 47 Se J aS , < ?- 47 , mL (standard deviation 0.32) on the first postoperative dav, 

deviation Inf 31 ’ 13 dcvi;dion °-33) on the second day, 0.56 ml. (standard 
• 1) on the third day, 0.58 ml. (standard deviation 0.57) on the 
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fourth day, and 0.50 nil. (standard deviation 0.33) on the fifth day. Lipuria 
was found in 8 of IS patients on the first postoperative day, 5 of 18 patients 
on the second day, 5 of 18 patients on the third day, 5 of 17 patients on the 
fourth day, and 4 of 14 patients on the fifth day. 

Thirty-two patients undergoing laparotomy (Table IV) were studied for 
scrum lipase levels. These may be considered as having major soft tissue 
trauma. Prcoperativcly, the mean serum lipase was 0.59 ml. with a standard 


Table IV. Lipasemia in Patients After Abdominal Operations and Other Procedures 




DAYS POSTOPERATIVELY 


NAME 

PREOP. 

1st 

| 2nd | 

3rd 

| 4Tn 

| 5TII 

| 0th 


PROCEDURE 

TE 

0.(30 

0.09 

0.50 

0.78 

1.07 

1.19 

2.02 


Gastrectomy 

ET 

0.(39 

0.54 

0.07 

0.31 

0.14 

0.36 

0.73 


A-P resection 

JC 

0.24 

0.33 

0.14 

O.OS 

0.10 

0.05 



Gastrectomy 

LE 

0.08 

0.43 

0.53 

0.43 

0.49 




Cholecystectomy 

IIK 

0.41 

0.10 

0.09 

0.18 

0.13 

0.40 



Bilateral herniorrhaphy 

.TB 

0.17 

0.27 

0.00 

0.12 

0.13 

0.14 



Gastrectomy 

RG 

0.9S 

0.20 

0.29 

0.14 

0.94 

0.23 



Cholecystectomy 

BR. 

0.47 

0.17 

0.04 

0.46 

0.75 

0.S3 



Colectomy 

EB 

0.27 

0.20 

0.54 

0.93 

0.90 

1.15 



Cholecystectomy 

CR 

1.49 

1.54 

0.33 

1.07 

1.14 

1.11 



Exploratory laparotomy 

KM 

0.47 

0.57 

2.53 

1.02 

1.20 

2.04 



Splenectomy 

AM 

0.11 

0.09 

0.40 

O.OS 

1.20 

2.71 



Cholecystectomy 

RB 

1.04 

1.05 

0.09 

0.09 

0.22 

0.33 



Exploratory Iaparolviny 

CO 

0.73 

0.59 

0.25 

0.51 

0.63 

1.29 



Colectomy 

RW 

0.88 

0.95 

2.17 

2.14 

1.46 




Colectomy 

DS 

0.55 

0.20 

0.23 

0.72 

0.39 




Splenectomy 

ND 

GP 

0.29 

0.38 

O.OS 

0.42 

0.02 

0.00 

0.30 

0.15 

0.29 

0.29 

0.46 

0.73 



Colectomy 

Bilateral herniorrhaphy 

KM 

0.23 

0.04 

0.18 

0.14 

0.30 

0.30 



Splenectomy 

AR 

0.08 

0.80 

0.G0 

0.90 

0.82 

1.07 



Gastrectomy 

EE 

0.57 

0.23 

0.05 

0.19 

0.61 




Cholecystectomy 

BT 

0.30 

0.3S 

0.32 

0.52 

0.50 



Colostomy 

RW 

0.80 

0.40 

0.14 

0.00 

0.03 

0.34 


Splenectomy 

LS 

0.10 

0.31 

0.03 

0.00 

0.00 

0.00 


Gastrojejunostomy 

HS 

1.11 

0.45 

0.60 

0.S1 

0.82 

0.91 


Resection of jejunum 

AII 

0.20 

0.10 

0.04 

0.S6 

0.00 



Cholecystectomy _ 

RD 

0.33 

0.13 

0.00 

0.09 

0.40 

0.13 


Pelvic floor repair 

OG 

DK 

OAT 

1.03 

5.91 

1.45 

1.24 

0.83 

1.07 

0.S7 

1.05 

0.82 

0.86 


Exploratory laparotom; 

Cholecystojejunostomy 

CR 

0.43 

0.35 

0.31 

1.32 

1.99 

2.49 

1.57 

Gastrojejunostomj 

CH 

0.13 

0.15 

0.17 

0.16 

0.09 

0.07 


Lumbar sympathectomy 

JB 

0.7G 

0.08 

0.00 

0.42 

0.38 

0.31 


Gastrectomy . _— 

Mean 

0.59 

0.64 

0.44 

0.54 

0.61 

0.78 




S.D. 

0.40 

1.03 

0.57 

0.47 

0.45 

0.72 


— 

—---- 


deviation of 0.40. The mean serum lipase level was 0.64 ml. with a standai 
deviation of 1.03 on the first postoperative day, 0.44 ml. with a standard deua^ 
tion of 0.57 on the second day, 0.54 ml. with a standard deviation of 0. < on 
the third day, 0.61 ml. until a standard deviation of 0.45 on the fourth 
and 0.78 ml. with a standard deviation of 0.72 on the fifth day after opera ion- 
Forty patients who had orthopedic operations with bone trauma ha ” 
mean serum lipase of 0.50 with a standard deviation of 0.32 preopera n _ 
(Table V). Lipuria was found preoperatively in 10 of these patients. 
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mean serum lipase was 0.46 ml. (standard deviation 0.32) on tlie first post¬ 
operative day. 0.4S ml. (standard deviation 0.26) on tlie second day, 0.59 ml. 
(standard deviation 0.39) on tlie third day. 0.80 ml. (standard deviation 0.57) 
on the fourth day, and 1.00 ml. (standard demotion 0.77) on the fifth day 
after operation. 


DISCUSSION 

Parenchymatous embolism is an ubiquitous and protean manifestation of 
trauma. The association of such embolism with cardiac or thoracic operations 
may seem tenuous but deserves consideration. This study of lipasemia and 
lipuria was carried out because of our interest and the observation that fat 
embolism has been noted hi patients who die soon after cardiac operations.- 9 
In our hands, elevation of the serum lipase and demonstration of lipuria have 
been the most valuable laboratory methods in the diagnosis of fat. emboli in 
surgical patients. 

In our group of patients, the incidence of lipuria was widespread and 
without significance. It appears that there is a marked elevation in the serum 
lipase levels, reaching the peak after the third postoperative day, in patients 
with thoracotomy and extracorporeal circulation and in those with trauma 
to the bone. 

The factor of bone trauma must be considered in both groups since, in 
all but 2 of the 19 patients with thoracotomy and extracorporeal circulation, 
a sternal splitting incision was made. However, in the two exceptions, eleva¬ 
tions of the serum lipase levels also occurred. This attracts attention to other 
possibilities. 

Haymaker 14 and Gersh 10 and their associates have shown that fat embolism 
appeai-s in patients and annuals in whom there has been a sudden drop (by 
decompression) in the partial pressure of nitrogen in the blood. This was 
believed to be due to rapture of fat cells by bubbles of escaping nitrogen 
dissolved in the fat under previous ambient pressure. AVe have foiuid that by 
suddenly shifting the composition of the atmosphere from 95 per cent nitrogen 
and 5 per cent oxygen or from SO per cent nitrogen and 20 per cent oxygen 
to 100 per cent oxygen, rats, in a period of 10 minutes, developed pulmonary 
fat embolism. 7 It appears feasible, therefore, that sudden changes in local fatty 
tissue pressure of nitrogen may result in the phenomena described by Gersh 
and his co-workers. 

The source of fat in both circumstances may be local trauma to fat cells 
in the sternum or diffuse trauma to fat cells because of the rapid variation in 
p2v-. Swank 34 and Lehman 10 and others have shown experimentally that fat 
globules in the circulating blood as a metabolic lipemia may agglomerate to form 
fat emboli. Recently we have repeated their experiments but have failed to 
confirm their findings. On this basis, we believe that the conclusion of Scott 
and his co-workers. 30 regarding the source of embolic fat from blood lipids, 
is unwarranted. 
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Lipase is known to be present in or secreted by the stomach, pancreas, 
Jirej 1 , lung, and leukocytes, as well as many other organs and tissues. 8,32 In 
these patients we believe the source of the elevated lipase most probably to be 
the lung. Lipase from other organs and tissues is not secreted in sufficient 
quantity to elevate blood levels, while lung lipase is secreted in response to 
the presence of emboli of neutral fat to flic lung. 21 Under normal circumstances 
there is no relationship between metabolic or alimentary lipemia and an elevated 
serum lipase. However, in patients with chronic hyperlipemia the scrum lipase 
may be elevated. 32 LeVeen and his associates 17 recently have shown that no 
appreciable change in blood lipid levels occurs in patients postoperative!?*. 

Tn hyperlipasemia after extracorporeal circulation, some consideration 
should be given to the lipase changes after administration of heparin. Lipase 
activity can be detected in the plasma shortly after intravenous injection of 
heparin. 33 The addition of heparin to normal plasma in vitro does not initiate 
lipase action in the plasma or a lipid emulsion added to normal plasma which 
contains heparin is not cleared. 2 These observations suggest that the lipase, 
or some component necessary for its action, is released into the plasma by the 
injected heparin from some immediately accessible site. It has been suggested 
that the essential component is distributed generally in the walls of blood 
vessels in the body. 20 In our patients the failure of the serum lipase to become 
elevated until the fifth day minimizes the importance of this factor. 


CONCLUSIONS 

1. Determinations of serum lipase and urinary fat have been made m 
110 patients undergoing a variety of surgical procedures. Nineteen had thora¬ 
cotomy using extracorporeal circulation; 19 had thoracotomy alone; 32 had 
laparotomy for major surgical procedures involving soft tissue; and 49 had 
orthopedic operations with skeletal trauma. 

2. Lipuria was noted occasionally in patients both preoperatively and post¬ 
operative^ ; because of its sporadic occurrence, no significance is ascribed to it. 

3. Serum lipase was significantly elevated in patients with thoracotomy, 
most of whom had had sternal splitting incisions, and in patients undergoing 
orthopedic operations with bone trauma. 

4. Possible explanations for this hyperlipasemia are suggested. 

5. No clinical significance of the elevated serum lipase or lipuria has been 
noted. 
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Discussion' 

DR. LEWIS H. BOSHER, Richmond, Va.—Dr. William H. Scott 2 years ago called 
attention to the importance of fat mobilization during extracorporeal circulation, and, 
as a result of his work, we asked Dr. John Forbes in our Biochemical Department to make 
some fat studies for us. 

On seven prolonged perfusions, Dr. Forbes studied the cholesterol and neutral fats 
in patients about 5 minutes after initiating the perfusion, and at the end of perfusion 
[slide]—these figures represent the average of seven prolonged perfusions, averaging 1 
hour and 54 minutes, and in the first row you have the values seen for total cholesterol 
and neutral fats in milligrams per cent. At the end of the perfusion there is no change 
in these values. We concluded there was no evidence for mobilization of fat during the 
perfusion. In addition, Dr. Forbes centrifuged the serum at 20,000 g; this technique also 
failed to show any change in the values. 

It’s hard, I think, to interpret these figures, and I don’t know how they fit into the 
results that have just been reported, but I present them for what they are worth. 

DR. JAMES V. MALONEY, Los Angeles, Calif.—I particularly enjoyed this paper 
by Dr. Cossman, Dr. Adler, and Dr. Kittle for two reasons. First, the paper has the 
same scientific exactitude as the paper they presented 2 years ago; and now they are showing, 
perhaps, that similar endogenous materials may exist. Second, I enjoyed it because we 
can support it with some experiments from our laboratory. 

Drs. Fonkalsrud, Miller, and Latta in our laboratory studied the autopsy ma¬ 
terial in 10 patients who had undergone surgical procedures with the use of the pump- 
oxygenator and who died in our hospital during the past 5 years. Interestingly enough, 
in between 55 and SO per cent of the cases, extensive fat embolism could be found, de¬ 
pending on which organ was examined. We were at that time quite excited by the 
clinical significance of these findings until we ran control observations. Much to our surprise, 
63 per cent of the routine autopsy specimens in the surgical service were found to have 
extensive fat embolism. Strangely enough, the patients who come from medical wards rarely 
have fat embolism demonstrated in their tissues at autopsy*. 

We certainly- would agree with Dr. Cossman’s concluding statement, that we are much m 
the dark as to the exact clinical significance of these findings. Nevertheless, it certainly does 
appear that there are extensive changes in the lipid system of the body under extracorporea 
circulation. 

DR. KITTLE (Closing).—I wish to thank Dr. Bosher and Dr. Maloney for their remarks. 

I can’t explain the discrepancy between data presented by Dr. Bosher and our finding 
of hyperlipasemia. Unquestionably in many patients there is a significantly- and de im e 5 
elevated serum lipase. What this means, I think, yet remains to be unraveled. 

The finding of Dr. Maloney- about fat emboli in autopsy material correlates very 
well with a previous study by Vance which shows a high incidence of microscopic a 
emboli in routine autopsies. 



THE SURGICAL TREATMENT OE EMPHYSEMATOUS BLEBS 
AND LOCALIZED VESICULAR AND BULLOUS EMPHYSEMA 

Analysis of 50 Cases 

Janies M. Head, M.D. (by invitation), Louis R. Head, M.D. (by invitation), 
Theodore R. Hudson, ALD., and Jerome R. Head, M.D.,* Chicago, III. 

T he surgical treatment of emphysema is one of the most recent, most 
difficult, and most challenging fields in thoracic surgery. The numerous 
publications in the recent literature 1 * 19 attest to the newness of this therapeutic 
approach. It is difficult chiefly in its indications and challenging because the 
incidence of this crippling and eventually fatal disease seems to be increasing 
as rapidly as is that of bronchogenic carcinoma. 

The present paper is a report of the immediate and late results in 31 
patients operated upon for emphysematous blebs and 19 patients operated 
upon for localized vesicular and bullous emphysema. It is therefore divided 
into two parts. 

eiiphtseviatous blebs 

Discussion. —Emphysematous blebs (Fig. 1) are blisters beneath the vis¬ 
ceral pleura. They are to be distinguished from lung cysts, which are con¬ 
genital, and from localized areas of extreme vesicular and bullous emphy¬ 
sema. 20 ' 21 The latter result from the breakdown of interalveolar septa. The 
large blebs (Fig. 2) with which we are to deal are probably of different 
etiology from the small apical blebs which so frequently cause spontaneous 
pneumothorax. The latter are probably caused by the apical scarring re¬ 
sulting from the usual apical deposits of the primary tuberculous infection. 
The former are usually associated with pulmonary emphysema, although as 
Laennee 22 pointed out, they may develop in otherwise healthy lungs. 

On their outer surface these large blebs are covered with a thin layer of vis¬ 
ceral pleura. "When Hewed from within with the thoracoscope during life, the 
hmg surface has on it many alveolar openings which open during expiration 
nnd close during inspiration. 23 - 24 This seemingly paradoxical phenomenon 
explains why they become distended after bouts of coughing and why, over 
the yea rs, they increase steadily in size. 

MlandViach? pia' U May A iT-13! ° C The Amcrh:an Association for Thoracic Surgery 
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Blebs arc usually multiple and bilateral, but may be single and unilateral. 
They may be truly gigantic (Fig. 3) and occupy most oi‘ the space in one or 
both pleural cavities. Korol, 25 Peabody, Katz, and Davis, 20 and West and 
Van Schoonhovcn 27 have demonstrated that they predispose to bronchogenic 
carcinoma (Fig. 4). If they become infected so that fluid forms in them, the 
alveloar openings into them arc closed, the air is absorbed, and they disappear. 25 

The surgical indications for the removal of large cmphj'sematous blebs are 
obvious. Not only do they collapse the functioning lung in the same manner as 
does spontaneous pneumothorax, but they also tend to enlarge, and they predis¬ 
pose to carcinoma. In 1943 we first operated upon a man who had multiple large 
blebs at the apices of both lungs. After the operation, persistent air leaks 



Fig. 1.-—Schematic representation of an emphysematous bieh lying- within the right 11 PJ 
lobe. Such blebs are to bo distinguished from congenital lung- cysts and from localized ar • * 
of extreme vesicular and billions emphysema 



Inspiration 



Fig. 2—These large emphysematous blebs are covered with a thin Expiration 

nleura The inner lung surface hus on it many alveolar opening's which open on e i th0 
and close on‘inspiration. This paradoxical phenomenon causes tl.em to enlarge g 

expiratory phase of the cycle (coughing). During the cl, greater than 

tend to remain enlarged and distended for the pressui imains why they 

tlie negative intrapleural pressure that occurs during ■ P ‘ ' c steadib 

become so distended after bouts of coughing and why, ■ increase 

in size. 
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made it difficult to re-expand the lung and the patient almost died of retained 
secretions. He recovered, however, and his vital capacity was increased from 
1.200 e.e. to 1.S00 c.c. 

In the early 1940\s, at about the same time that the aforementioned pa¬ 
tient was seen, we were lining Monaldi's intracavitary suction to close tubercu¬ 
lous excavations It occurred to us that this procedure might prove a simple 
and safe way of closing blebs It did. and in 1948 we reported before this 
Society 8 eases in which this had been used successfully. 24 Today we believe 




! -—Rocntgf nogram which «h{ra- bilateral multiple gicantic blebs which occupy, most 

of both r»kii*-al oa\itie« 



‘at the site of^preHous “blebMUap^a^^Monaldr^tron J >ears'earher Cartlnorm 
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that the open operation is preferable in all patients, save those who arc ex¬ 
tremely feeble and dyspneic, and perhaps even in these patients with the aid 
of the mechanical respirator. In most cases the blebs are multiple and today 
the refined techniques of open operation, the improvements in postoperative 
bronchial toilet, and the use of tracheostomy and the mechanical respirator 
have made the open operation very safe. 

We have divided the cases of emphysematous blebs into two groups, 
the first, those in which, apart from the blebs, the lungs are normal, and the 
second, those in which they are complicated by an underlying generalized 
emphysema. 



Case Reports 

Cash 1.—B. S.; CWMII 389270. Fig. 5 shows the pro- and postoperative Jocntgciw 
gmnw of a patient with blebs on normal lungs. Before the first operation the l u '^' 1[0 
markedly short of breath. Since the second operation, which was performed in > 
has had normal respiratory function. 

Case 2.— H. S.; CWMII 310423. Fig. G shows the pre- and postoperative r0CI,t S®“ 
grams of a patient with bilateral giant blebs complicated by generalized emphysema, 
to the operation he was completely incapacitated, oven dressing and shaving were . ^ 

a tax on liis breathing. Ho could not tolerate respiratory function studies. ^ ^ 

operations, although still dyspneic on moderate exertion, he was sufficiently impro' ^ r 
able to return to work. However, his dyspnea became gradually worse. At t ^ 

years he was again forced to stop work and 4 years after tl.o operation he 

pulmonale. 

These typical cases illustrate the essential difference between the two R^ups. 
In the uncomplicated cases, removal of the blebs gives both immediate and 
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permanent relief. In those complicated by emphysema, the patients aie greatly 
relieved immediately, but the emphysema always progresses and they die of 
light heart failure. 

Operative Mortality and Type of Suigcnj.—Of the 31 patients opeiated 
upon for emphysematous blebs 3 have been lost to follow-up Sixteen (57 pei 
cent) of the remaining 28 patients (Table I) had blebs on undeilving normal 
lungs, while 12 (43 per cent) had blebs complicated by pulmonary emphysema 


Taste I Operati\f Mortatity vm> Tipi: of Slkgfri in 28 Pvtients Operated Upon 

ion Empii\slmatous Bifbs 


NO OF 


T\PE OF OPERATION 


OIT PATI\ E 


MONALDI 



OVSIS 1 

M OR TAT ITY | 

MONALDI | 

+ RESECTION | 

RESECTION 

Uncomplicated by 
cmpliy sema 

16 

(57%) 

0 

(0%) 

4 

(25%) 

2 

(125%) 

10 

(62 5%) 

Complicated by emphysema 

VI 

(43%) 

0 

(0%) 

(5S%) 

i 

(8%) 

4 

(34%) 

Totals 

28 

(100%) 

0 

(0%) 

11 

(39%) 

3 

(11%) 

14 

(50%) 


The operative mortality in this group of cases w T as zero 
Of the 16 patients with pure blebs, 4 (25 per cent) w’cic tieated with 
Monaldi suction, 2 (12 5 per cent) were treated with Monaldi suction phis 
resection, and 10 (62 5 per cent) were treated by resection alone 

Seven (58 per cent) of the patients with the complication of emplnsema 
were treated with Monaldi suction, 1 (8 per cent) was tieated with Monaldi 
suction plus lesection, and 4 (34 per cent) weie tieated with resection alone 

Fesults and Long-Term Follow-Up —All of the patients opeiated upon foi 
pure emphysematous blebs (Table II) noted excellent immediate lesnlts Only - 
(12 per cent) of these patients are recorded as having poor late lesnlts One 
of the latter has been followed only for 2 months so that it is too eailj t° 
determine the late lesult However, we have e\eiy leason to belieie that tins 
patient will have an excellent long-term sunnal The second patient died 
at the end of 2 years fiom a bronchogenic carcinoma which had aiisen at the 
sit of a previous bleb collapsed by Monaldi suction The patient was asympto 
matic until regaid to his initial disease at the time of death 


ible II. Results and Duration of Foliow Up in 16 Cases of Blebs Uncomplicated bt 


-—---—-—- ■ TtT 

immediate 

RESULT 

I \TE RESUIT 

Pt RATION" OF lOLTOM IP 

O > r rt 1 1 Q t r> 1 Q 1 T D 1 Q 1 11 \ p 1 "1) \ p 

roiAi | 

ou i 

rrs nL— 

iAirrrfj^L 

GOOD I TOOR 
16 0 
100%) (0%) 

GOOD | POOR 
14 2 

(88%) (12%) 

A MO I J iK -t ill I 1U lii | ih 

1 0 4 2 1 

(6 25%) (57 5%) (25%) (12 5%) (18 2%) 

16 

(100%) 

14 - 

(88%) 


The duration of follow-up in this group lanes tiom 2 months to 12 yea i* 
The over-all picture in this gioup of cases, then, is excellent immediate 
and long-term results. 
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The immediate effect, of surgery noted in the cases of blebs complicated 
by pulmonary emphysema (Table III) was good in all 12 (100 per cent) 
cases. Six (50 per cent) of these patients noted good late results, while 

Table in. Results and Duration of Follow-Up in 12 Cases of Blebs Complicated 

by Emphysema 


case 

IMMEDIATE 

RESULT 

LATE 

RESULT 

DURA 

RETURN OF 
SYMPTOMS 

TION OF FOLD 

alive 

WITH 

SYMPTOMS 

ovr-up 

DIED 

OVER-ALL 

RESULT 

1. W. II. 

Good 

Poor 

2 

mo. 

- 

9 mo. 

Poor 

2. A. II. 

Good 

Poor 

G 

mo. 

- 

IS mo. 

Poor 

3. D. E. 

Good 

Poor 

S 

mo. 

12 mo. 

- 

Poor 

4. O.R. 

Good 

Poor 

s 

mo. 

- 

24 mo. 

Poor 

5. T. L. 

Good 

Poor 

10 

mo. 

36 mo. 

“ 

Poor 

6 . C. G. 

Good 

Poor 

10 

mo. 

- 

IS mo. 

Poor 

7. E.A. 

Good 

Good 

3 

yr. 

7 yr. 

- 

Poor 

S. H. S. 

Good 

Good 

3 

vr. 

— 

4 yr. 

Poor 

9. R. G. 

Good 

Good 

5 

yr. 

- 

S.5 yr. 

Poor 

10. IV. K. 

Good 

Good 

6 

JT. 

- 

S.5 vr. 

Poor 

11. J.G. 

Good 

Good 

7 

yr. 

- 

12 'yr. 

Poor 

12. E. II. 

Good 

Good 

s 

yr- 

- 

10 vr. 

Poor 


6 (50 per cent) noted poor late results. Of those patients classified as show¬ 
ing poor late results, all had a return of their initial symptoms within 2 to 10 
months. Two of these are alive with symptoms of progressive emphysema 
12 and 36 months after surgery, while 4 died of cor pulmonale 9. IS, and 24 
months, postoperatively. The 6 (50 per cent) patients recorded as showing 
good late results are classified as such only because they did not note a return 
of their initial symptoms until from 3 to S years after treatment. Of these 
6 patients, 1 is alive with symptoms of progressive emphysema 7 years later, 
while 5 died from right heart failure from 4 to 12 years after surgery. The 
over-all prognosis in this form of the disease is poor in spite of the good im¬ 
mediate result, for all of the patients eventually die of their emphysema. 


localized vesicular and bullous emphysema 

Discussion. —In localized vesicular and bullous emphysema, we are con¬ 
fronted with a more complex problem; not only from the standpoint of the 
altered physiology and the pathology present, but also from the standpoint of 
die indications for surgery. The rationale of surgery for generalized vesicular 
and bullous emphysema is different and more complicated than for emphysem¬ 
atous blebs. In this disease the inelastic lungs are simply too large for the 
thorax. They are crowded into it. This crowding interferes with the mechanics 
of respiration and circulation. It forees the diaphragm down and out of fune- 
d°n. As Brantigan- 0 - 30 ’ 31 has pointed out, it contributes to the obstruction of 
the fiuer air passages and so to a reduced maximum breathing capacity with 
nonchial infection, cough, and wheezing. The increased pressure on the 
c ieat veins and auricles produces a relative cardiac tamponade. The hums 
? lc la y cl >- uniformly involved (Fig 7), and those areas most dilated, most 
inelastic, and most obstructed compress and put out of function the more 
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elastic and normal lung portions. Operation by resection of the areas most 
severely involved aims to reduce the size of the lung and so raise the 
diaphragm, decrease the obstruction of the bronchioles, lessen the pressure on 
the heart and great veins, and bring the more normal lung portions back 
into function. 



Pig. 7.—In vesicular and bullous emphysema, the lungs are rarely uniformly Into • 
Those areas most dilated, most inelastic, and most obstructed compress and put out of turn-wu 
the more elastic and normal lung portions Operation bv resection of the areas most se'erer 
involved aims to reduce the size of the lung and so to raise the diaphragm, decrease w 
obstruction of the bronchioles, lessen the pressure on the heart and great veins, and to u *> 
the more normal lung portions back into function. 


In liis original classical description of emphysema, Laennec 2- pointed 
out that emphysema rarely involved all lung portions equally—that in nearly 
all cases some areas were worse than others and that the disease might be 
limited to one lung, or to one lobe or segment. 

In 1951, in a paper read before The Chicago Society^ of Internal Medicine, 
we discussed cases of this kind and suggested that there might be relief by 
surgery. In 1952 we operated upon such a patient and since then hate 
operated upon a total of 19. We have, of course, seen many more cases o 
emphysema. Most of these patients, however, can be made reasonably func¬ 
tional by medical treatment and/or pneumoperitoneum. 

We have selected for operation only those cases in which the roentgeno¬ 
grams revealed that part or parts of the lung were more involved than others. 
We have not, as Brantigan advises, 20 ’ 30 ’ 31 operated upon patients with gen¬ 
eralized disease in order merely to decrease the size of the lungs. While 1 us 
may be feasible and advisable, we have not dared to do it, feeling that m 
these cases there was too little normal lung present. 

We have chosen to present 3 typical cases to illustrate the indications 
we have used and the results which can be obtained. 


Case Reports 

Case 3 _jp. L., CWMH 427042 (Fig. 8 ). A 55-year-old white female secretary ’>' a3 

almost completely incapacitated by dyspnea. She was severely dyspneic at complete rest 
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and coughed almost constantly. She had grown progressively worse in spite of medical 
treatment. The roentgenogram revealed emphysema at the bases of both lungs and what 
appeared to be a large bleb on the right side. She was too dyspneie to undergo pulmonary 
function studies. At operation on May 1 <, 1956. the right middle lobe was tremendously 
dilated by generalized nonbullous emphysema. The apex of the lower lobe was similarly 
affected. The middle lobe was removed and the apex of the lower lobe was wedged off. 
Segmental resections are contraindicated, in emphysema. 

Following operation the cough and wheezing practically disappeared and 6 weeks after 
discharge from the hospital she was walking 7 miles a day. She returned to work and is 
working today. 4 years after the operation. In 195S she underwent surgery for carcinoma of 
the colon. Although some cough lias returned and dyspnea is gradually increasing, she 
still has a practical respiratory capacity 4 years after surgery. 



who hi! 1 ;' ^—5?ase 3. Fre- and postoperative roentgenogram of a 55-year-old white woman 
local Wo? a middle lobectomy and wedge resection of the apex of the lower lobe for 

tncanpot y e ^ ,cu,ar (nonbullous) emphysema. Before operation she was almost completely 
sjmptom* 1 *' The patJent 1S all ' e and working 4 years after operation with only minimal 

Case 4. H. McK., CWMH 4S453S (Fig. 9>. This 51 year-old white male high school 
hTl^ er note d progressive dyspnea, cough, and wheezing since 194S. The symptoms 
progressed to the point that he was barely able to carry on Ids teaching responsibilities. 
Lf C r0eat ® eno ® raTn revealed what was believed to be contraction and compression of tlie 
l u f'P f - r lobe by a markedly distended and emphysematous left lower lobe. There was 
c ," o evidence of bullous emphysema m the right lower lobe area. Pulmonary function 
' ' 163 reveal ed a maximum breathing capacity ^MBC) of 29 per cent of predicted normal. 
(TVr* CapaC ‘ ty O’C) of 5S per cent of predicted normal, a 3-second timed vital capacity 
, ^ and 92 per cent, a residual lung volume (RLY) of 131 per cent of 

■etui normal, and a R.V./T.L.Y. ratio of 50 per cent (30 to 35 per cent normal), 
fillup 1 ^oracotomy on Oct. 23. 195S. a large emphysematous portion of lung was seen 
1 " eat ’ re left pleural space. This was found to arise only from the superior 

«i r \° £ t!l . e lo ' Ver lobe - It was removed in wedge fashion along with two smaller areas 
Im i ar ^- involved lung from the lower lobe. 
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AN lien last seen in April of I960 the patient was fully engaged in his teaching pro- 
It'ssion, traveling to educational conventions, and performing his own yard and garden 
chores with minimal difficulty. Pulmonary function studies ou April 27, 1960, revealed a 
MBC of 47 per cent of predicted normal, a VC of 100 per cent of predicted normal, a 3- 
second TVC of 40, 50, and GO per cent, a RLV of 116 per cent of predicted normal, and a 
R.V./T.L.V. ratio of 34 per cent (30 to 35 per cent normal). We have never seen a patient 
rnoro pleased with t lie results of surgery. It has been our experience that frequently the 
objective function studies do not reveal the excellent subjective clinical improvement 
noted by the patients. 


Case 5.—E. H., CWMH 4S4503 (Fig. 10). This 51-year-old white housewife bad been 
bothered by cough, sputum production, dyspnea, and wheezing for 10 to 12 years. For the 
past 2 to 3 years she had noted progressive dyspnea which had become especially severe 
after an attack of pneumonia 2 to 3 months before admission to the hospital. She was 
incapacitated to the point where she was unable to do any housework. She had been 
cyanotic for many years. A roentgenogram revealed generalized emphysema with a very 
large bleb-like appearing area occupying the entire lower one half of the right pleural 
cavity. Bronchogram revealed universal bronchiectasis. She was unable to tolerate pub 
monary function studies. 

On Nov. 19, 195S, a tracheostomy was performed and the patient placed on a mechanical 
respirator (Morch). At the time of tracheostomy the patient’s blood was almost black 
in color. With the institution of mechanical respiration the cyanosis disappeared and she 
was much more comfortable. On Nov. 25, 195S, with respiration being maintained by 'be 
mechanical respirator, operation was performed and a tremendously enlarged, emphysema'™- 
right middle lobe was found to be compressing the remaining iung portions, fhe mi 1 '■ 
lobe was removed and the patient was maintained on the mechanical respirator for seu'ra 
weeks postoperatively. When she resumed her own respiratoiy activity, she found her 
breathing much easier and upon returning home she was eventually able to resume her hou-> 
hold duties. She remains much improved with regard to her dyspnea, but continues to c 
bothered by cougli and sputum production, secondary to her universal bronchiectasi- 
When last seen in February of I960 she was in early right heart failure. This has been 
controlled temporarily and her cough and sputum production have improved on me ^ 
management. Although temporarily much improved by surgery, the eventual outcome 
this case is obvious. 


Operative Mortality and Type of Surgery. — In the group of 19 eases 
(Table IV) there were 4 (21 per cent) operative deaths: 1 from right heal 
failure, 1 from thrombosis of the pulmonary vein, 1 from a Pseudomonas 
pneumonia, and 1 patient died suddenly 6 days after discharge from the hosp'ta • 


Table IV. Operative Mortality and Type op Surgery in 19 Patients 
for Localized Vesicular or Bullous Emphysema 



1 operative 


type of surgery 

NO. OF CASES 

1 MORTALITY 

MONALDI 

| MONALDI + RESECTION | 

19 

4 

i 

2 


(21%) 

(5.3%) 

(10.5%) 


Operated 



One (5.3 per cent) of the patients had been treated by Monaldi s suctKtf 
alone, 2 (10.5 per cent) were treated by Monaldi suction plus resection, an 
16 (84.2 per cent) were treated by pulmonary resection alone. 

Results and Follow-up Evaluation .—Inasmuch as the cases vary so greatl 
both in regard to indications and the degree and length of improvement, ^ 
has proved impossible to classify them and present them in the form o 
concise chart (Table V). Three cases have already been reported in detan. 
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Fiff 9—Case J Pre- and postopeiatne x-raj studies of a 51-year-old white male Inch 
school teacher At thoracotonvv a large emphysematous poition of the lung was found to pe 
filling almost the entue left pleuial space This emphjsematous lung arose only from the 
superior segment of the lower lobe and was compressing the remaining lung tissue It was 
rcmoted in wedge fashion 



Simuto'iii*. *i? --Case > Pre- and postopeiatnc v ray studies of a 51-year-old white woman 
'oars* mn-Se i>t?cn tho<je of Piogi essi\ c dy spnia, cough, and sputum production foi 10 to 1J 
show ('mni.L. ere Since an episode of pneumonia 2 to 3 months prior to admission The Aims 
grams a . nd a b,e , b ~ Ilk ^ area in the lower two-thirds of the right lung field Broncho- 

‘nochan,osi ‘VS?. , un I' ersal bronchiectasis At thoracotomy, with the patient maintained on a 
"as ator * markedly emphysematous middle lobe was resected 

operation 11 *mpro\ed, but has shown ‘ 


signs of earl} cor pulmonale 18 


Thereafter, she 
months after the 
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Table V. Results in 19 Patients Operated Upon for Localized A^esiculaf. of. Bullous 

Emphysema 


CASE 
NO. ; 

AGE 

RACE | 

SEX 

1 date of j 

1 SURGERY | 

POSTOP. 

DEATH 

IMMEDIATE 

RESULTS 

E | G | P 

367716 

62 

tv 

SI 

9/12/53 

3 

X 

466035 

65 

AA r 

SI 

1/11/5S 

26 

X 

474563 

36 

AY 

SI 

5/10/oS 

22 

X 

500669 

57 

AV 

F 

7/9/59 

3 

X 

309197 

22 

AV 

SI 

3/15/50 


X 

4S453S 

51 

AV 

SI 

10/23/5S 


X 

468S52 

6 S 

AV 

M 

2/16/5S 


X 

423273 

52 

AV 

M 

10/4/57 


X 

516345 

56 

AV 

M 

2/22/60 


X 

510S71 

5S 

AV 

Jr 

2/8/60 


X 

507580 

64 

Is 

F 

11/6/59 


X 

11789 

56 

AV 

M 

4/9/59 


X 

511734 

58 

AA r 

SI 

2/23/59 


X 

412890 

46 

AV 

SI 

7/27/55 


X 

508893 

49 

AV 

SI 

5/18/59 


X 

484503 

51 

AV 

F 

U/25/5S 


X 

442967 

45 

AV 

F 

4/21/54 


X 

508608 

54 

AV 

SI 

9/10/52 


X 

427042 

55 

AV 

F 

5/17/56 


X 


late result: 

DATE SYMPTOMS RETURNED, 

date of death, and present 

STATUS 


Operative death, Pseudomonas 
pneumonia 

Operative death, sudden death 
at home 

Operative death, pulmonary 
thrombosis 

Operative death, right heart 
failure 

Asymptomatic April, I960: 

10 yr. postop. 

Asymptomatic April, I960; 

8 yr. postop. 

Symptom return 3 mo. postop.: 
died 4 mo. postop. 

Symptom return 3 yr. postop., 
'died 3 yr. postop. 

Remains improved 3 mo. postop. 

Remains improved 3 mo. P 0S |®L 

Remains improved 6 mo. post P- 

Symptom return 4 mo. postop., 
now progressive 

Symptom return 6 mo. postop., 
now progressive . 

Symptom return 7 mo. postop., 
now progressive 

Still some dyspnea 1 yr. po. ?• 

Cor pulmonale 1 yr. P ost F . 

Symptom return 2 yr. postop., 
now progressive . 

Symptom return 3 yr. postop., 
now progressive . 

Still working- 4 yr. postop.. 


One of these patients whose emphysema was limited to one segment t ^ 
another one with a tremendously emphysematous accessory lobe appeal ^ 
permanently cured. Two patients have died of progressive disease 0 
and 3 years, respectively, since operation. Tliree patients have been ° 
for a maximum of 6 months, and remain much improved at the presen ^ 
The remaining 8 patients have had a return of symptoms from 4 mon 
4 years after operation. Of these, only 1 does not slioiv signs of t ; on . 

deterioration and she is actively employed 4 years after pulmonary r ^ 
Here again, as in the patients operated upon for emphysematous > e ^ 
plicated by generalized emphysema, although the immediate resnt■ m■ 
excellent, the patients usually have a return of their symptoms n uc 
progressive cind eventufllly cHiise tlieii destli. 


SUMMARY AND CONCLUSIONS 

Fiftv cases of emphysematous blebs and localized vesicular and ,n ^ 
emphysema treated by Monaldi intracavitary suction or open surgi < 

tion are reported. 
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The cases are divided into two groups. The first includes cases of 
emphysematous blebs complicated or uncomplicated by generalized emphysema. 
The second includes all cases of localized vesicular and bullous emphysema. 
At the present time, although it may be advisable, we have not operated 
upon patients with generalized disease alone, feeling that in such eases there 
is too little normal lung present. 

The surgical indications for each group are defined and illustrative cases 
are presented. The open operation has become the preferred surgical ap¬ 
proach in most instances. The operative mortality for the entire group was 
S per cent. 

The immediate and late results are tabulated. In those cases of emphy¬ 
sematous blebs uncomplicated by generalized emphysema, the immediate effect 
is excellent and permanent. In spite of an excellent early result, patients 
with blebs complicated by generalized emphysema and those with localized 
vesicular and bullous emphysema note a return of their symptoms at varying 
periods of time. These symptoms then become progressive and the majority 
of cases terminate in right heart failure. However, these discouraging results 
in such patients should not deter us from operating upon them, for they are 
markedly benefited over a significant period of time by resection of the most 
severely involved areas. 
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Discussion 

DK. JOSEPH GORDON, Albucpierquo, N. Mex.—I should like to tell you about our 
very limited experience in a small gioup of cases in New Mexico at the Veterans Administra 
tion Hospital. 

This problem has been very well presented in the previous paper, and it is a difRcu t 
one in which we aie still trying to find our way The gioup of patients which we l' a ' e 
studied weie operated upon by Dr. Wesley' Childs, who was then Chief of Service am lS 
now associated with Dr. Charles Bailey. 

The patients were all seveioly distressed. They had a maximum bieathnig capacity 
under 30 per cent, and these were patients who were unable to get aiound. Smce they we 
veterans they were hospitalized and lemained almost incapacitated in their present condition 

This pioblem does not lead us to find our way directly, because of the admixture o 
such things as diffuse emphysema, solitary cyst, and bullae that may occur in one lninv 1 
I have chosen the slides of oue partieulai case to show you what oui experience has been 
this instance, from which some help has been diawn. 

(Slide) The x ray' film winch y'ou see is not unlike some of those which were 
previously. On the right side there is a giant sized space occupying emphysematous ^ ^ 
or bleb, as we may choose to term it. This is a mattei of definition. On the other si 
the left lower third of the chest, there are multiple cystlike changes in contrast to 
right side. . 

Follow mg this, bronchograms were done which you will see in the next slide. ( 

On the right you see tiie evidence of the space occupying bullous emphysema with cons 
of the bronchial tieo. On the left side theie is evidence of a relative paucity of bronci 

arborization. . 

The patient was operated upon on both sides. On the right side, an upper oiec ^ 
was done. Prior to this the patient had a maximum saturation of 84 per cent oxygen m ^ 
blood; after tins lie had a 92 per cent oxygen saturation On exercise the unusual o sen. ^ 
was made that it became 94 per cent, indicating that theie had been improvemen 
culation. 
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Some time later the left lung was operated upon by o\eisewing of the emphysematous 
blebs rather than by excision However, after this second operation the patient showed some 
deterioration, and I should like to show you m the next slide what we hare noted in the 
bronchogram 

(Slide) There is good reorientation of the bronchogiam on the side on which operation 
wa« followed by good results, and there is poor reorientation on the left side, on which opera 
tion was followed hr further deterioration in the patient It is to be concluded that the 
reorientation of the bronchial tree to a more nearly normal pattern wa« followed by marked 
functional improvement The poorer bronchogram seen on the second or the left side fol 
lowing operation was accompanied by deterioration in functional capacity. 

DE V EMORY BURNETT, Philadelphia, Pa—It is a great opportunity on this 
occasion to hear about these remarkable experiences with this miserable and progressive disease 
Since the senior author suggested two stage dramage seveial yeais ago, we liaxe all 
used it now and then because it has a very useful purpose It permits improvement with 
very little surgery m some of these poor risk patients and permits of multiple attack which 
is aI«o a great advantage It has been a very helpful method 

(Slide) The combinations mentioned today have been extremely useful in our hands 
as well as theirs; (slide) namely, on this upper lobe situation They have prolonged patients’ 
hves indefinitely, although ordinarily it is a progressive disease with a miserable outcome 
In some, as you see here (slide), there is a fairly localized disease wnth a large bulla 
on one side and a fairly good lung on the other. It certainly seems wise to operate and 
remove the diseased area Some of these patients have received tremendous benefit 

(Slide) This same patient, o years later, shows some further progression but has had 
a greatly improved function in the interim and even at tlus time 

IVhen the disease is bilateral, but more marked on one side than the other, one also 
finds it worth while to operate Occasionally, one is surprised to find that the disease is 
almost completely confined to one lobe which can be removed In these situations one can 
produce excellent temporary benefit 

(Slide) Finally, I’d like to call attention to the fact that a marked degree of ob 
dructive emphysema may accompany carcinoma which mav be overlooked Such a condition 
>s readily demonstrated by inspiration expiration films and one should be on the watch for 
such a lesion 

(Slide) Last, I’d like to call attention to the fact that a marked degree of destructive 
emphysema may accompany carcinoma which may be overlooked 

DE OTTO C BRANTIGAN, Baltimore, Md—I would like to call attention to two 
points- First, there is a disturbance in vascularity. The slide shows an emphysematous lung 
with the pulmonary artery injected It shows the disturbance to be primarily in the capil¬ 
laries of the alveoli Second, m primary hvpertropluc obstructive bilateral pulmonary cm 
plsj'-ema, there is obstruction to the outflow of air from the lung There is no known etiologi 
and there is controversy about the initial cause of airway obstiuction, but m the later stages 
of the disease there is obviously an interruption of the physiologic mechanism that holds open 
m bronchioles The physiologic principle involved in holding open the collapsible bronchioles 
• spends upon an elastic lung which is held expanded by a rigid chest wall and a closed 
onra space The elasticity of the lung causes a negative intrapleural pressure and a cir 
cunifercntial force that holds open the bronchioles Normally, on inspiration, bronchi and 
uonelnoles enlarge in diameter, on expiration, tliex decrease in diameter When pnmari 
impacema, with or without blebs, or bullae, is fulli dc\eloped, the loss of this phxsiologic 
Dinciple is an important factor in expiratory airvax obstruction, regaidle-s of its etiologx 
initial cause I n primary hypertrophic obstructive bilateral pubnonary- emphysema, with 
^lebs, Or bullae, the expiratory lolume of the lung is much larger than normal 
0 “ cm P , ‘Uema is similar to stuffing O,000 or 7,000 ec of lung into a pleural space 

is u CC ro!ume - In sucI ' a situation, tli» circumferential pull holding open the bronchiole- 
't to a greater or lesser degree 
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It would seem that in any surgical attack upon the disease, one must return this lost 
physiologic mechanism and it can be done in some degree by reducing the lung volume, 

Dr. Head indicated that their patients, by the progression of disease after operation, 
lost the benefit gained by surgery. I would like to call attention to the fact that pulmonary 
emphysema is a bilateral disease. If both sides are not operated upon, there will he pro¬ 
gression of disease in the unoperated lung. I suspect their patients will show progression 
of disease in the unoperated lung when the benefit gained by the first operation is lost. In 
the patients whom I have operated upon, there lias been no progression of disease in the 
lung operated upon. At the present time there has been no loss of benefit gained by opera¬ 
tion in the patients that have had bilateral operations. The longest follow-up is 8 years. 
In time, there must be some loss of benefit gained by surgery since emphysema is a disease 
of aging. 

DR. OSLEB ABBOTT, Atlanta, Ga.—Our group lias had a major interest in this problem 
for some 15 years. AVe cannot concur in “the horrible long-term outlook” expressed by Dr. 
Head and his co-workers. Certain patients have had purely isolated bullous disease associated 
with normal lung. In this group, adequate excision has not been followed by the appearance 
of any progressive pulmonary degenerative process. In the other group in which bullous 
emphysema and the so-called hypertrophic obstructive type of emphysema is combined, "e 
have not seen ‘ ‘ progressive deterioration. ’ ’ Fundamentally, the problem is that surgical 
excision of bullae compressing adjacent areas of hypertrophic obstructive emphysema is only 
a part of the total treatment of this latter disease. In many instances, appropriate con 
comitant pulmonary denervation should be done. In all instances, a continuous, assiduous, 
and vigorous over-all nonsurgical treatment regimen must be instituted and continually mom 
tored. Such a regimen must include (a) total abstinence from tobacco, (b) separation from 
other known sources of bronchial irritation, (c) control of associated bronchial infection an 
allergies, (d) refunetionalizing intercostal and diaphragmatic exercises, (e) broncliod'dat« rs i 
(f) expectorants, and (g) other supportive measures as indicated. To expect surgical pro¬ 
cedures alone to stem the progress of pulmonary' emphysema would appear to be a nnsun 
standing of one of the basic principles in the management of any type of chronic disease 
due to a combination of multiple causative factors. 

At the present time, we have embarked on a prolonged study' of emphysema therapy 
We start with an extensive objective evaluation program including (a) roentgenog' a ' u -> 
cinefluoroscopy, and pulmonary angiography, (b) cardiac catheterization, and (c) conl l ^ 
pulmonary function tests. At yearly intervals these tests are repeated. Four pro oc 
treatment used include: (1) steroids, chemotherapy', chest exercises, and broncho ia > 
(2) the same combination as No. 1 plus multiple bronchoscopy, (3) multiple bronchoscopy 
expectorants, chest exercises, bronchodilators—but no steroids, and (I) the same reguuc 
No. 3 plus surgical excision of localized advanced areas of disease plus pulmonary p - 

The principle on which we base surgical therapy- is that “when the finer pidmom^ 
vasculature persists in patients with hypertrophic obstructive emphysema, there also is ^ 
persistence of the other components of the lung essential for useful respiratory func ^ 

A corollary' to this principle is that “pulmonary emphysema is initially a disease o • 
or multiple major foci and the reflection of this primary- localization persists oven in t crm 
cases.” 

In view of this attitude wc now place an increasingly major interest m p 11 1 ^ 

angiography. If such studies show compression of areas of the lung containing finer ia~ ^ 
components, then removal of an avascular area of lung distended by diffuse obstiuc t)je 

physema will release a potentially useful area. At surgery the effect of blocka 0 gucU 
pulmonary autonomic nervous system is studied. We study initially the eu.ee 
blockade upon the per stroke volume of air delivered by “pressure constant, volume vara ^ 
ventilation assistor. Second, wc are interested in the effect upon the gradient be no 
pulmonary artery and the venous pressure. Third, we study the effect upon the ^ 

pressure of the pulmonary artery' and venous tracings. If sufficient beneficial tunc 
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response is noted in these studies, we add a pulmonary plexectomy to the selective excision 
of distended no nfun ctio nin g lung tissue. In our experience, the postoperative course of 
tliese patients is often difficult, but controllable. Mortality rate is within reasonable limits. 
Long-term benefits have been obtainable, but attention to continued intensive prophylactic, 
rehabilitative, and therapeutic measures is mandatory. 

DR. RICHARD H. OVER HOLT. Boston. Mass.—Dr. Head and his associates have clearly 
pointed out the manner by which structural defects alter the movement of air. its occupancy 
within, and availability of diffusing surfaces. The value of pre- and postoperative respiratory 
assistance has been stressed, if borderline eases are to be accepted for surgery. 

Now, regardless of the extent of the structural changes, many patients have their 
functional capacities further reduced by an irritated air tube system. Mucosal swelling 
causes narrowing, and excessive secretions occlude or spill over to cause spasms of other 
bronchi Countless check valve mechanisms then operate at the bronchiolar level. These are 
the net effects of a chemical bronchitis induced by the inhalation of tobacco smoke. 

They are reversible. A period of 2 to 6 weeks usually results in substantial improvement. 
Many cases which we previously rejected on grounds of functional inadequacy now are being 
accepted. Even in good risk patients the convalescence is smoother if there is a period of 
freedom from chemical irritation in advance of the intervention. Many of the patients with 
poor pulmonary function learn this and have already stopped smoking before we see them. 

Xow, Dr. Head's experience and that of others’ with generalized emphysema bear out 
that it is very difficult to correct it by surgical means. Fortunately, this disabling pulmonary 
disease can be prevented. Dr. Lowell and others have called attention to the fact that simple 
diffuse emphysema is usually an acquired disease. In the great majority of cases it represents 
a long worn ont by years and years of filtering ont tobacco tars. Surgeons can relieve more 
suffering and prolong the lives of more people by advice on the prevention of emphysema 
than they can by the skillful application of the scalpel. 

DR. WILLIAM M. TUTTLE, Detroit. Mich.—I just want to say one thing which I 
think has been missed in much of this discussion, and that is that emphysema is, after all. 
a result of aging, and aging can come differently to different people. Some people age much 
younger than other individuals. As you lose the elasticity of your alveoli, you also are 
probably losing it in your face. Ton become more wrinkled and you become more tired- 
looking. like I do. [Laughter] 

However, I do agree with the authors that the removal of individual large blebs or 
emphysematous cysts, whichever you want to call them, is a fortunate thing, and I think it 
works. I think to operate bilaterally on emphysematous individuals is a perfectly foolhardy 
situation, and I do not think any surgeon should do it. I feel that you must consider em¬ 
physema. and realize that some of these individuals must be told that they will have to live 
with their emphysema, which they are going to have to do. Furthermore, there is no question 

m my mind that until tobacco has been proved to be a cause we should leave the matter 
ont. 

How. I was once on a program with Dr. Overholt in which he criticized me for smoking 
-nd I told him that my mother had once told me. “If you are not afraid of anything, vou 
will never catch it.” and I never did. [Laughter and applause] 

FRESIDEXT ADAMS: Many of you don't appreciate that the discussions at the 
Present time are far different than what they were 20 years ago. Dr. Tuttle is injecting 

mto this discussion something of the controversv and the argument that we u«ed to =ee 
very often. 


M R ' FUDSOX (Closing).—I think there probably will 1-e no exception taken to the 
o- 'th™ 6131 tlmt WebS ' t,ullac ' that ocen P. v rnu ch space or that cau=e much shortness of breath 
C _ an shown to he increasing with serial \ rays, should be resected. When these 
tie ’ 0n5 ■' lre complemented by what I like to call chronic obstructive pulmonary emphysema, 
-i nation becomes entirely different, and this is where the argument begins. 
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It is my feeling that people with cluonic obstructive pulmonary emphysema should be 
operated on only after a thorough, thoughtful consideration of each ease, both from a physio¬ 
logic standpoint and also from a socioeconomic standpoint. This is very important not only 
to the individual but to his family group. 

As surgeons, wo rarely sec chronic obstructive pulmonary emphysema except when it’s 
got to its final or surgical point. I agree with Dr. Overholt and Dr. Abbott, and the others 
that have mentioned it, that there is a point in chronic obstructive pulmonary emphysema 
where it is reversible. I don't know just where this point is, but I base this experience on 
several patients who have studies indicating severe pulmonary emphysema without discernible 
changes in the lungs on the roentgenogram. 

By taking these patients off cigarettes and by giving them the various things that the 
medical men give them for this disease, they have become rehabilitated and have continued 
to lead good lives without shortness of breath. 

I would like to thank all the discussers for their interest, and I believe we too have 
learned something from them. 



LUNG ABSCESS IN JAPAN 

Kingo Shinoi, Al.D * (by invitation), Tokyo. Japan 

S ince 1935. I have had the opportunity to observe nearly 2,000 patients 
under treatment for various types of lung disease: composed of 1.200 cases 
of tuberculosis. 551 cases of lung abscess. 210 eases of lung cancer. 105 cases 
of bronchiectasis, and 30 eases of miscellaneous conditions. In these patients 
I have made special studies of lung abscess, which I wish to present on this 
occasion. 

I. ETIOLOGY OF LUNG ABSCESS SEEN IN -JAPAN 

Analysis of 19.916 autopsy records, collected from the principal medical 
falleges in -Japan, reveals that lung abscess was present in 638 cases. The 
putrid type of long abscess was seen in 41 per c-ent of these—the non-putrid 
type in 56 per cent. However, the data in rny clinic indicate that the putrid 
type has been found in 95 per cent of all cases, rince the majority of patients 
suffering from the non-putrid type of the dhea«e. which is hematogenous in 
origin, either die with their disease undiagnosed or recover by chemotherapy 
tTable I). 


Table L I.t m, abscess is Japan 



AUTOPSY CASES ! 

CLINICAL CASE? 

Putrid 

2S2 (44 

523 (95(7) 

_ putrid 

355 156^ > 

25 ( 5(7 , 


In 19-33, I demonstrated experimentally that this disease was produced 
mainly by bronehoemboliun. but 53 per cent of the patients treated in my 
clinic had developed the disease by aspiration of undetermined nature as 
‘mown * n the Table II. and 76 per cent of these ‘-howc-d evidence of dental 
di^-ase. The postoperative incidence wa= only 5.1 per cent, much lower than 
ln Europe and America. This may be attributed to the relatively infrequent 
w-e of general anesthesia, which is practically never used in oral surgery. 


II. PATHOLOGIC .STUDIES 


Lung ab-eess. especially in the chronic stage. i« os>c-ntial]v 
i.Oions in whieh abnormal proliferation of bronchial mueom- epi 


a state of pyo- 
theliurn occur--. 


: nrS-u-u ' rr - tor Tron 
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HEAD, HEAD, HUDSON, HEAD 


J Thoracic ard 
CardioWa Surg 


It is my feeling that people with cluonic obstiuctive pulmonaiy emplnsema should he 
opeiated on only after a thoiough, thoughtful consideration of each case, both from a phxsio 
logic standpoint and also from a socioeconomic standpoint. This is very important not onlv 
to the individual but to his family group. 

As surgeons, we rarely see chronic obstructive pulmonary emphysema except when it’s 
got to its final or surgical point. I agiee with Dr. Cherliolt and Dr. Abbott, and the others 
that have mentioned it, that there is a point in chronic obstruethe pulmonary emphj-eim 
where it is reversible. I don’t know just where this point is, but I base this experience on 
seieral patients who hare studies indicating severe pulmonary emphysema without discernible 
changes in the lungs on the roentgenogram. 

By taking these patients off cigarettes and by giving them the various things that the 
medical men give them for this disease, they have become rehabilitated and have continued 
to lead good lives without shortness of breath. 

I would like to thank all the discussers for their interest, and I belieie we too haie 
learned something from them. 



LUNG ABSCESS IN JAPAN 

Kingo Sbinoi, M.D.* (by invitation), Tokyo. Japan 

S ince 1935, I have had the opportunity to observe nearly 2,000 patients 
under treatment for various types of lung disease: composed of 1,200 cases 
of tuberculosis, 551 eases of lung abscess, 210 cases of lung cancer, 105 cases 
of bronchiectasis, and 30 cases of miscellaneous conditions. In these patients 
I have made special studies of lung abscess, which I wish to present on this 
occasion. 

I. etiology of lung abscess seen in japan 

Analysis of 19,916 autopsy records, collected from the principal medical 
colleges in Japan, reveals that lung abscess was present in 638 cases. The 
putrid type of lung abscess was seen in 44 per cent of these—the non-putrid 
type in 56 per cent. However, the data in my clinic indicate that the putrid 
type has been found in 95 per cent of all eases, since the majority of patients 
suffering from the non-putrid type of the disease, which is hematogenous in 
origin, either die with their disease undiagnosed or recover by chemotherapy 
(Table I). 


Table I. Luxe, Abscess ix Japan 


i AUTOPSY CASES | 

CLINICAL CASES 

Putrid 

Kon-putrid 

282 (44%) 

356 (56%) 

523 (95%) 

28 ( 5%) 


In 1938, I demonstrated experimentally that this disease was produced 
mainly bv bronchoembolism, but 53 per cent of the patients treated in my 
clinic had developed the disease by aspiration of undetermined nature as 
shown in the Table II, and 76 per cent of these showed evidence of dental 
disease. The postoperative incidence was only 5.1 per cent, much lower than 
ui Europe and America. This may be attributed to the relatively infrequent 
Use of general anesthesia, which is practically never used in oral surgery. 

u. PATHOLOGIC STUDIES 

Lung abscess, especially in the chronic stage, is essentially a state of pyo- 
- > . ilos 'f iu which abnormal proliferation of bronchial mucous epithelium occurs. 

at M iam^Beach. 0 Fla .'J Ma'y 'll?13^ of The American Association for Thoracic Surgery 
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Table II. Etiology of Lung Abscess in Japan 


Aspiration of unknown cause 53.0% 

Foreign body 5 . 1 % 

Postoperative 5.1% 

Vomiting due to gastrointestinal and brain diseases 5.1% 

Diseases of oral cavity, nose, and pharynx 2.1% 

Bronchiectasis ' 12.4% 

Tuberculosis 5.5% 

Bronchial tumor 15.0% 

Injury _ 0.4% 

Perforation of esophageal carcinoma 0.4% 



Normal 
1st Grade 
2nd Grade 
3ni Grade 




affbfldfffli 


•2 




mmfflo}. 





Pig. 1.—Degree of proliferation of the goblet cell. (Goblet cell is indicated as black cell.) 


Such proliferative processes may involve columnar proliferation, squamous 
metaplasia, atypical proliferation, adenomatous metaplasia, and hyperplasia 
of goblet cells, all of which, excepting the proliferation of goblet cells, must 
be regarded as constituting carcinogenic matrices. Proliferation of cohunnru 
epithelium is chiefly encountered in large and medium bronchi, as shown m 
Table III, squamous cell metaplasia and atypical proliferation in the camtj 
wall, and adenomatous metaplasia in the bronchioles. 


Table III. 


Columnar 

Squamous 

Atypical 

Adenomatous 

Cancerous 


Proliferation of Epithelium and Its Site of Origin 


LARGE I MEDIUM | CAP ILLARY ) 

84.3%, 88.5% 3.8% 

2.3% 23.1% 0 

0 0 0 
0 0 53.8% 

1.3% 


in Bronchus 



o£ 

Careful search was made for carcinoma in situ and only one instance 
minute carcinoma was found in 71 cases. This was detected in the region P 1 
senting adenomatous metaplasia of a chronic inflammatory lesion, accompany 
by bronchiectasis in the left lower lobe, and was only as large as a millet Tj uu ' 
Although the incidence is only 1 per cent, there is a possibility o£ suc> a 
focus furnishing a carcinogenic matrix. 

The significance of goblet cell proliferation in the production of spu 
requires comment. These cells are normally present in relatively large num¬ 
bers around the orifices of the mucous gland but, in this location, they * 
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Operative intervention is indicated in patients with chronic disease who 
have had chemotherapy up to 1 month. It is important to hear in mind in 
proceeding with the operation that the chronic cases are wet cases complicated 
by lowered cardiopulmonary function. 

Tims, in chronic recurrent cases of lung abscess, the alveolar function 
is reduced when fibrosis of the lesion occurs extensively, and, in cases char¬ 
acterized by abundant sputum, the disturbance of ventilation leads to latent 
anoxia and produces an additional load on the right heart. 

In determining the indication for lung resection, the functional limits 
should be set at 40 per cent or over of vital capacity, 61 per cent or less of 
residual air, 82 per cent or more of ventilatoiy reserve ratio, 85 per cent 
or over of arterial oxygen saturation, and 20 mm. Hg or less of pulmonary 
arterial pressure, as shown in Table VI. These requirements are therefore 
far more strict than in lung resection for tuberculosis. 


Lunf Abscess 
fciHJe 23af*d 



Rcwmni 


50 40 JO !0 10 1 

• Dm frama* 


Operation 


Fig. 2. —Quantities of bronchial secretion before and after operation under hypothermia. 

Table YI. Indication for Operation of Wet Case 


Per cent of predicted vital capacity 
Residual volume/total lung capacity 
Ventilatory reserve ratio 
Sao. 

Pulmonary arterial pressure 


100 


more than 40 % 
less than 60% 
more than 82% 
more than 85% 
less than 20 mm. Hg 


The pulmonary capacity is reduced upon cessation of sputum production 
after lung resection, hut both ventilatory and alveolar function are mai 'c 3 
improved, although no immediate amelioration of the circulatory burden occurs. 

Disposal of secretion discharged during the operation on a wet. case, 
such as a lung abscess, is an important problem for consideration. It is desiia 
to convert the disease into a dry case preoperatively by means of chemotheiapj, 
bronchial lavage, and postural drainage, but if these measures are ineffective 
the application of artificial hypothermia is utilized. With the reduction 0 
rectal temperature to 30° C. or lower by cooling the entire body, the secretion 
of the air passage ceases and operation can be performed in a dry s a^ 
Fi°\ 2 is a chart of a patient with a lung abscess of the entire right lung, " 1 
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expectorated as much as 500 c.c. of sputum daily, in whom the respiratory 
tract becomes so free from secretion under general hypothermia that operation 
c-ould he performed without difficulty. 

Animal experiments show that bronchial secretion is decreased by reason 
that gastric secretion declines under hypothermia (Fig. 3). Bronchial ciliary 
movements are depressed (Fig- 4). Moreover, extracellular fluid of the lung 
is less in the state of hypothermia (Fig. 5). 

(Perrat of normal body ternpcrature') ro/siin. 




Fig. 3.—Influence on gastric secretion in hypothermia. 

Fig. 4.—Bronchia! ciliary movement (mm. per 5 min.) in hypothermia. 
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Fig. 5.—Change of extracellular fluid in hypothermia. 


, a ^ e ^ 11 summarizes the therapeutic results which indicate that, before the 
antibiotics. 13 per cent of patients responded to chemotherapy. 35 per 
'° intratracheal administration of iodized oil. and 54 per cent were cured 
pneumonotomy, with a mortality rate of 40 per cent. 
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Table VII. Results or Treatment 


METHOD Or TREATMENT j 

CURE RATE 

| MORTALITY RATE 

Preantibiotic 

Chemotherapy 

SG 

13% 

34% 

Iodized oil 

155 

35% 

40% 

Pncumonotomy 

131 

54% 

Postantibiotic 

Chemotherapy 

SI 

65% 

4% 

Pneumonotoniv 

27 

60% 

20# 

Lung resection 

100 

96% 

4% 


However, 65 per cent of patients treated with antibiotics showed satis¬ 
factory improvement, and pnenmonotomy produced cure in 60 per cent. Most 
of the patients were subjected to lung resection with a cure rate of 96 pei cent. 

The incidence of postoperative empyema is 23 per cent, a complication 
commonly encountered in cases of drug-resistant lung abscess. It ina ) c 
stated in conclusion that most of the patients operated upon in Japan he on D 
to the drug-resistant group, but it is now possible to achieve complete cm 
of this disease by proper change from chemotherapy to surgery. 


Discussion 

DE. W. EMORY BURNETT, Philadelphia, Pa—I want particularly to thank DnShmoi 
for coming such a great distance to give us the benefit of his extensive expericnc 


almost unknown lesion 


this dangerous disease. 

In our own experience this had been for several years an —— j ]as 

at Temple University Hospital, until the last 3 or 4 years, during.which ^ j] lC 

occurred a progressive increase in admissions for lung abscess. This mar j| ian 

increase in resistant staphylococci, either alone or in combinations more re 1 - • 
they were in the earlier group of lung abscesses, of which there were llo- j 0 

Prom my report some 20 years ago in the Pennsylvania Jlcdical Journo* w j(|, 
recall an extremely useful adjunct to treatment; namely, aspiration under U ° r °^ n j* a tj 0 ns 
instillation of high concentrations of antibiotics directly into the cavity. Such s ( rca ni 

can never be reached by systemic administration and the insulation from the 
of this dead tissue makes the contrast even greater. . y ra j n 

(Slide) This patient was admitted 10 days after he had been chilled in nJar ^ c( i 

while changing an auto tire, and one sees an obvious abscess which progressed to 
degree in the period of the next 3 weeks (slide) on systemic antibiotics. g (i, c 

(Slide) The next slide presents the picture 5 days later. Starting on 110 1 ^ith the 

previous roentgenogram, the patient had two aspirations on consecutive T f „;mnc air 


previous roenrgeuugram, uiu paiuau, nau i«u .upuai.uiu - tainin" 

removal of some 50 c.c. of odorous pus the first time and the second time o 
only without pus. In each instance 500,000 units of penicillin was injcetc P us _^ „ 
of streptomycin on the second occasion. The temperature dropped to norma. ' r0TC mcnt 
and expectoration was reduced almost completely. Oue can see the rapi 1 

in these few days by roentgenograms also. studies. 

(Slide) Five mouths later he appears to be well clinically and by x-raj jn 

(Slide) Me also noted that bronchograms of these patients, who were re.^ 
fashion early in their course, showed no residual bronchiectasis as seen m “ ]ikc yo n 
(Slide) On this slide of 9 patients successfully treated in this fashion, " in m ost 
to notice how few aspirations were required for each patient—only two or 

instances. . „j„ nn nte diagn c,sl: ' , 

ISlidel Tliere were 4 others in this series in which there was mad q • 
one instance, a slow response in which open-surgerj haa 


pneumothorax, or, m 
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Of the potential complications, pneumothorax occurred in 2 patients. One had 
apparently received adequate effect of previous aspirations and rapidly recovered. The 
other had not and required surgery, as listed in the 4 requiring surgery. 

Hemoptysis did not occur, possibly because of the accuracy of guidance into the 
cavity by fluoroscopy. It should be insignificant if it did occur. 

Empyema, although feared greatly in the early eases, was not encountered. Possibly 
this was because of the injection of antibiotic solution throughout the entire withdrawal 
of the needle to spill the last few drops on the skin, thus decontaminating at the same 
time that contamination occurred. Neither was air embolism observed. For details I would 
refer you to the article “Pulmonary Suppuration” (Pennsylvania M. J. 40: 1045-1051, 1937). 

(Slide) Chronic abscess, of course, has to be resected without question, but one can 
clean it up considerably by the same method and produce a state of better nutrition for 
the patient and less chance of postoperative infection. 

If you are unfortunate enough to see an occasional abscess again, I should like to 
highly commend to you tliis simple and promptly effective method. 

PROFESSOR SHINOI (Closing).—Thank you very much for the discussion. 

However, I cannot answer in detail because my English is poor, but I wish to make 
additional studies of this problem. 



A STUDY OF ESSENTIAL HEMOPTYSIS 

Raymond J. Barrett, A'LD., and William M. Tuttle, M.D., Detroit, Mich. 


H emoptysis is correctly considered to be an ominous sign by physician and 
patient alike. In from 82 to 96 per cent of various reported series it has 
been found to be associated with serious underlying disease (Table I). The 
exact incidence of each lesion cannot be accurately determined since the struc¬ 
ture of most reported series is somewhat specialized. However, carcinoma, 
bronchiectasis, and tuberculosis are the three most common underlying disease 
processes. Broneholitliiasis, bronchial adenoma, foreign bodies, pneumonia, 
lung abscess, pulmonary infarction, and cardiovascular disease account for most 
of the remaining eases. Hemoptysis of undetermined origin, the subject of this 
discussion, varies from 3.8 to 18 per cent in reported series. 


Table I. Incidence and Etiology of Hemoptysis 


LESIONS 


PER CENT OF INCIDENCE 

_- 

HELLER 

1 (416)* 

SOUDERS 

(105) 

| MOERSCH 
(200) 

ABBOTT 

1 (497) 

I JACKSON 

1 (436) | 

| pEYirr 

j (683)___ 

Bronchial carcinoma 

2.4 

2.8 

29.5 

21 

20 

13 

Chronic bronchitis 

15 

14 

9 

2 

17 


Bronchiectasis 

7 

28.5 

26.5 

21 

32 


Tuberculosis 

40 

1.9 

5.5 

22 

■ - 


Pneumonitis 

6 


3 

1 

6 

(J 

Lung abscess 

1 

— 

5 

— 

11 

7 

Cardiovascular 

2 

4.7 

-- 

1.4 

■ - 

4 

Other 

1.5 

31.1 

14 

27.8 

6 

5 

Unknown 

15 

18 

7.5 

3.8 

8 



♦Number of cases. 


With such a serious potential, hemoptjmis warrants an adequate diagnos ic 
work-up regardless of its extent and whether it has ceased. A negative ro 
genogram of the chest in no way relieves the physician of the responsibility ° 
a determined effort to determine the cause of the bleeding. Bronchoscopy ’ 
if negative, bronchogi’aphy, along with study of the aspirate for tubercle ac 
and malignant cells, constitute a minimum study. Equivocal hilar shadows ma) 
require fluoroscopy, laminography, and angiocardiography to settle the Q ucs 
of hilar vessel prominence versus disease process. If the vascular dyna 
within the pulmonary tree are suspect as the cause of bleeding, cardiac cat c 
ization may be indicated. There will arise certain instances whoiem 


From the Department of Surgery, College of Medicine, Wayne State University. p 
Hospital, and Detroit Memorial Hospital. ,_ g u rIfery 

Read at the Fortieth Annual Meeting of The American Association for ihora 
at Miami Beach, Fla., May 11-13, 1960. 


468 




V-.l. in.N... I HNHHNTfAI. llKAIOVTYHIH 40!) 
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physician in mil. convinced Hint. Hits blood in actually originating from the 
tmehoolminc.luul (mi. In Hindi airnimstuiiers, barium swallow, esophngoscopy, 
and study of the oro- and nasopharynx mid sinuses would be in order. 

"Wlicn ono lms exhausted Uio dingnoBlie iirmninentnvium ho no nvnil, the ease 
in variously labelled us idiopathic, hemoptysis or hemoptysis ol uiidotormiiiod 
origin, Speculation ns 1o Uio subsequent course of this group precipitated (ho 
prnseiit. study. 


STIJOV 

Ninety-seven patients with hemoptysis of undetermined origin were studied 
between Jim, I, lOfiO, and April Jf», 1050. The composition of this group by 
ngc and sex is shown in Table If. Only one Negro patient, a bO-year-old woman 
who has been lost to follow-up, was present in the series and this is considerably 


TAiu.n ll. Oomi'OMTiom or flames 
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Ann (iiioui* 






1 <m m 

) rm-ff.i 

) fVO-fttt ) 

7U-70 

Mfiln 

2 

n 

21 

17 

is 

ft 

domain 

1 

n 

t> 

0 

r> 

3 

_ Total 

;i 

in 

no 

2(1 

is 

4 


07 


below the usual proportion in our practice its significance is questionable, The 
ratio of 07 males to ISO females is in agreement with that noted in most reports, 
ft will he noted that Hie highest incidence in both males and females was in the 
decade <10 to 00 and that tlie age group 40-00 accounted for over one half the 
ladies is of both sexes. 

'I’lie present status of HI of the 07 patios In (BOX) per cent follow-up) was 
determined as of April, I0(>0, by menus of personal contact, consultation with 
die referring physician, or by direct mail query. The composition of the group 
fallowed is shown in Table III. 
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N'i, »f patiiMif 

do, followed 


H 


Remain 

Wo. of j/iiUnm 
do, followed 


« 


'{Vital Jiurnlmr of 
J.eto) % followed 


pnlifinlH 


'J'aw.K JIT. Vom,ow-1Ji' 



rniibowui' 

(yllAltS) 


r/cn or! it 

Jih_ L 

a-r. | 

r. 7 

L Zl»ll 

| 1)00 


22 

15 

10 

7 

7 


21 

12 

Iff 

0 

fi 

80 

7 

r, 

13 

0 

7 


7 

4 

7 

r, 

1 

80 

20 

20 

27 

If! 

8 


00.5 

so 

74 

84 

__ 70 

Bff,r> 


t will he noted that 4*1 patients were followed for periods ranging from 
o ,» years while 117 were followed for intervals ranging from 0 to If) years, 
e all.-ml 1 particular significance to the 00,0 per cent follow-up in the first .'i 
1 Cora after study since one might reasonably expect flint carcinoma or tuborcu- 
bder 1 rn,ftlftd ( '° tll<! ll(i,no Idysis, should become clinically apparent in this 




A STUDY OF ESSENTIAL HEMOPTYSIS 

Raymond J. Barrett, M.D., and William M. Tattle, M.D., Detroit, Mich. 


H emoptysis is correctly considered to be an ominous sign by physician and 
patient alike. In from 82 to 96 per cent of various reported series it lias 
been found to be associated with serious underlying disease (Table I). The 
exact incidence of each lesion cannot be accurately determined since the struc¬ 
ture of most reported series is somewhat specialized. However, carcinoma, 
bronchiectasis, and tuberculosis are the three most common underlying disease 
processes. Broneholithiasis, bronchial adenoma, foreign bodies, pneumonia, 
lung abscess, pulmonary infarction, and cardiovascular disease account for most 
of the remaining cases. Hemoptysis of undetermined origin, the subject of this 
discussion, varies from 3.8 to 18 per cent in reported series. 


Table I. Incidence and Etiology op Hemoptysis 


LESIONS 


PER CENT OE INCIDENCE 



HELLER . 

1 (416)* 1 

1 SOUDERS 

I (105) 

MOERSCH 

(200) 

ABBOTT 1 

(497) | 



Bronchial carcinoma 

2.4 

2.8 

29.5 

21 

20 

12 

Chronic bronchitis 

15 

14 

9 

2 

17 

— 

Bronchiectasis 

7 

28.5 

26.5 

21 

32 

15 

Tuberculosis 

40 

1.9 

5.5 

22 

.—. 

50 

Pneumonitis 

6 


3 

1 

6 

1 

Lung abscess 

1 

_ 

5 


11 

6 

Cardiovascular 

2 

4.7 


1.4 

_ 

7 

Other 

1.5 

31.1 

14 

27.8 

6 

4 

Unknown 

15 

18 

7.5 

3.8 

8 

5 


•Number of cases. 


With such a serious potential, hemoptysis warrants an adequate diagnostic 
work-up regardless of its extent and whether it has ceased. A negative roent¬ 
genogram of the chest in no way relieves the physician of the responsibility f° r 
a determined effort to determine the cause of the bleeding. Bronchoscopy and, 
if negative, bronchography, along with study of the aspirate for tubercle bacilli 
and malignant cells, constitute a minimum study. Equivocal hilar shadows may 
require fluoroscopy, laminography, and angiocardiography to settle the question 
of hilar vessel prominence versus disease process. If the vascular dynamics 
within the pulmonary tree are suspect as the cause of bleeding, cardiac catheter¬ 
ization may be indicated. There will arise certain instances wherein the 
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physician is not convinced that the blood is actually originating from the 
tracheobronchial tree. In such circumstances, barium swallow, esophagoscopy, 
and study of the oro- and nasopharynx and sinuses would be in order. 

'When one has exhausted the diagnostic armamentarium to no avail, the case 
is variously labelled as idiopathic hemoptysis or hemoptysis of undetermined 
origin. Speculation as to the subsequent course of this group precipitated the 
present study. 


STUDY 

Ninety-seven patients with hemoptysis of undetermined origin were studied 
between Jan. 1, 1950, and April 15, 1959. The composition of this group by 
age and sex is shown in Table II. Only one Negro patient, a 50-year-old woman 
who has been lost to follow-up, was present in the series and this is considerably 


Table H. Cowrosmox or Series 



| AGE GROUP 


| 20-29 

| 30-39 

| 40-49 

j 50-59 j 

60-69 

| 70-79 1 


Male 

2 

11 

21 

17 

13 

3 


Female 

1 

5 

9 

9 

5 

1 


Total 

3 

16 

30 

26 

IS 

4 

97 


below the usual proportion in our practice—its significance is questionable. The 
ratio of 67 males to 30 females is in agreement with that noted in most reports. 
It will be noted that the highest incidence in both males and females was in the 
decade 40 to 50 and that the age group 40-60 accounted for over one half the 
patients of both sexes. 

The present status of 81 of the 97 patients (83.5 per cent follow-up) was 
determined as of April, I960, by means of personal contact, consultation with 
the referring physician, or by direct mail query. The composition of the group 
followed is shown in Table III. 


Table m. Follow-Up 

! 


FOLLOW-UP (YEAP.S) 


PEE CENT 


1-3 | 

3-5 1 

5-7 | 

7-9 

[ 9-10 

FOLLOW-UP 

Male 







*0. of patients 

22 

15 

16 




S°. followed 

21 

12 

13 

6 

5 

S5 

Female 







ri°. of patients 



11 

6 

1 


*'°* followed 

7 

4 

7 

5 

i 

SO 

Total number of patients 
-A!*?! % followed 

29 

96.5 

20 

SO 

27 

74 

13 

S4 

S 

75 

S3.5 


j t will be noted that 44 patients were followed for periods ranging from 
o 5 years while 37 were followed for intervals ranging from 5 to 10 years. 
v e attac b particular significance to the 96.5 per cent follow-up in the first 3 
f^ er study since one might reasonably expect that carcinoma or tubereu- 
“teryaL relat<2d t0 ^ llemopt -' sis ’ should become clinically apparent in this 


A STUDY OF ESSENTIAL HEMOPTYSIS 

Raymond J. Barrett, M.D., and William Al. Tuttle, Ai.D., Detroit, Mich. 


H emoptysis is correctly considered to be an ominous sign by physician and 
patient alike. In from 82 to 96 per cent of various reported series it lias 
been found to be associated with serious underlying disease (Table I). The 
exact incidence of each lesion cannot be accurately determined since the struc¬ 
ture of most reported series is somewhat specialized. However, carcinoma, 
bronchiectasis, and tuberculosis are the three most common underlying disease 
processes. Broncholitkiasis, bronchial adenoma, foreign bodies, pneumonia, 
lung abscess, pulmonary infarction, and cardiovascular disease account for most 
of the remaining cases. Hemoptysis of undetermined origin, the subject of this 
discussion, varies from 3.8 to 18 per cent in reported series. 


Table I. Incidence and Etiology or Hemoptysis 


LESIONS 

! PER CENT OE INCIDENCE 

1 HELLER 1 
! (416)* 1 

1 SOUDERS 

; (105) 

1 HOERSCH 
(200) | 

1 ABBOTT 

: (497) 1 

1 JACKSON 
| (436) | 

I LEVITT 

[ (6S3) 

Bronchial carcinoma 

2.4 

2.8 

29.5 

21 

20 

12 

Chronic bronchitis 

15 

14 

9 

2 

17 

— ■ 

Bronchiectasis 

7 

28.5 

26.5 

21 

32 

15 

Tuberculosis 

40 

1.9 

5.5 

22 

_ 

SO 

Pneumonitis 

6 


3 

1 

6 

1 

Lung abscess 

1 

_ 

5 


11 

6 

Cardiovascular 

2 

4.7 


1.4 


7 

Other 

1.5 

31.1 

14 

27.S 

6 

4 

Unknown 

15 

18 

7.5 

3.8 

8 

5 _ 


♦Number of cases. 


With such a serious potential, hemoptysis warrants an adequate diagnostic 
work-up regardless of its extent and whether it has ceased. A negative roent¬ 
genogram of the chest in no way relieves the physician of the responsibility f° r 
a determined effort to determine the cause of the bleeding. Bronchoscopy ancl ; 
if negative, bronchography, along with study of the aspirate for tubercle bacilli 
and malignant cells, constitute a minimum study. Equivocal hilar shadows 
require fluoroscopy, laminography, and angiocardiography to settle the question 
of hilar vessel prominence versus disease process. If the vascular dynamic 5 
within the pulmonary tree are suspect as the cause of bleeding, cardiac cathetei- 
ization may lie indicated. There will arise certain instances wherein d' e 
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physician is not convinced that the blood is actually originating from the 
tracheobronchial tree. In such circumstances, barium swallow, esophagoseopy, 
and study of the oro- and nasopharynx and sinuses would be in order. 

When one has exhausted the diagnostic armamentarium to no avail, the case 
is variously labelled as idiopathic hemoptysis or hemoptysis of xuidetermined 
origin. Speculation as to the subsequent course of this group precipitated the 
present study. 

STUDY 

Ninety-seven patients with hemoptysis of undetermined origin were studied 
between Jan. 1, 1950, and April 15, 1959. The composition of this group by 
age and sex is shown in Table II. Only one Negro patient, a 50-year-old woman 
who has been lost to follow-up, was present in the series and this is considerably 


Table H. Couposttiox or Series 






AGE GROUP 





20-29 

) 30-39 

| 40-49 

| 50-59 | 

60-69 

| 70-79 | 


Male 

2 

11 

21 

17 

13 

3 


Female 

1 

5 

9 

9 

5 

1 


Total 

3 

16 

30 

26 

18 

4 

97 


below the usual proportion in our practice—its significance is questionable. The 
ratio of 67 males to 30 females is in agreement with that noted in most reports. 
It will be noted that the highest incidence in both males and females was in the 
decade 40 to 50 and that the age group 40-60 accounted for over one half the 
patients of both sexes. 

The present status of 81 of the 97 patients (83.5 per cent follow-up) was 
determined as of April, 1960, by means of personal contact, consultation with 
the referring physician, or by direct mail queiy. The composition of the group 
followed is shown in Table ill. 


Table m. Follow-Up 


= --- 

; 


FOLLOW-UP 

(YEARS) 


PEE CENT 

1-3 ] 

3-5 ! 

! 5-7 

I 7-9 

| 9-10 

FOLLOW-UP 

■Vale 







*0- of patients 

22 


16 




No. followed 

21 

12 

13 

6 

5 

85 

Female 







No. of patients 



11 

6 

1 


So. followed 

7 

4 

7 

5 

i 

SO 

Total number of patients 

29 

20 

27 

13 

s 


Total <~ 0 followed 

96.5 

80 

74 

S4 

75 

S3.5 


It will he noted that 44 patients were followed for periods ranging from 
° o years while 37 were followed for intervals ranging from 5 to 10 years. 
v e attach Particular significance to the 96.5 per cent follow-up in the first 3 
j 0 l arS after ‘ study since one might reasonably expect that carcinoma or tubercu- 
interval rdated t0 the hemo P t ^ sis .- should become clinically apparent in this 
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CLINICAL INVESTIGATION OF THE HEMOPTYSIS 

Ill the initial examination all patients had a bronchoscopy, bronchogram, 
and culture of the bronchial aspirate for tubercle bacilli. Sixty-nine of the 97 
patients had study of the bronchial aspirate for malignant cells and 65 of these 
ivere reported negative. Of the remainder, 2 patients with a questionable smear 
are alive and well 1 y 2 and 6 years later. A 33-year-old male had a report oi 
malignant smear ’ ’—4 years and 7 months later he had resection of a squamous 
cell carcinoma of the lip but his chest remains normal 5 years after the original 
report. One questionably malignant smear was reported in 1951 on a 54-year- 
old male with severe hypertension. He has been lost to the series and his present 
status is unknown. 

Three patients had repeat negative bronchoscopies on occurrence of sub¬ 
sequent hemoptysis. Two patients had angiocardiography and 1 of these also 
had cardiac catheterization. One other patient had catheterization on a sub¬ 
sequent admission for recurrent hemoptysis. 

One 64-year-old male had left exploratory thoracotomy in 1953 because oi 
an equivocal hilar shadow, the nature of which could not he determined by 
laminography and angiocardiography. The shadow proved to be vascular in 
origin. Over 6 years later, he is alive and well, without recurrence of hemop¬ 
tysis. 


initial extent and subsequent recurrence of hemoptysis 

Twenty of the patients (20.6 per cent of the series) presented with streak¬ 
ing (Table IV), whereas 77 (79.4 per cent of the series) were classified as haring 
gross hemoptysis (Table V) varying from y 2 teaspoonful to such an extent that 
one man required multiple transfusions. 


Table IV. Streaking 


_|_MALES 

No prior episodes 13 

Prior episodes 5 

Subsequent episodes 3 1 

Lost to follow-up 0 0 

Totals 18 


females 


1 



Table V, Gross Bleeding 

~~ i MALES 

No prior episodes 31 

Prior episodes 18 

Subsequent episodes 1 4 

Los t to follow-up _6_ 4 

Totals _49_ 

It lias been suggested that if the hemoptysis is recurrent one must suspect 
serious underlying disease. [Reference to Tables IV and V will reveal that 3f 
patients either had episodes of hemoptysis extending over a period longer than 
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6 montlis prior to examination or subsequently bled at intervals over a period 
longer tlian 6 months after examination. Of this latter group, within 3 years. 
3 patients showed evidence of serious vascular disease as an explanation of the 
bleeding. These will be analyzed in detail. 

Case l.~H. R., a 39-year-old woman, was first seen in March. 1955, with a complaint 
of intermittent gross hemoptysis over a period of 12 years. Initial examinations, including 
angiocardiography, were negative. Three years later, in March, 195S. she was readmitted 
to the hospital because of recurrent increasing bleeding. Two attempts at cardiac catheter¬ 
ization were incomplete because of reactions during the course of the procedure. It was the 
opinion of the cardiologist, however, that she probably warranted exploration of the mitral 
valve. This was performed in July. 195S, with no evidence of mitral stenosis. A lung biopsy 
was taken at the same time and the final diagnosis was primary pulmonary hypertension. 
She is alive but continues to have episodes of hemoptysis at the present time. 

Case 2.—H. B., a 57-year-old white woman, was first seen in May. 1955. with a history 
of several episodes of gross hemoptysis in the preceding IS months. Examination, including 
esophagoseopy, was negative. During the f olio wing 3 years she continued to have isolated 
episodes of gross hemoptysis, developed obvious signs of congestive failure, and is alive but 
in a deteriorating condition at the present time. 

Case 3.-—!v. B., a 40-year-old white man, was first seen in June. 1951, with a history 
of recurrent gross hemoptysis of 1 years duration. Initial investigation was negative. Two 
years later he was readmitted because of recurrent bleeding. Cardiac catheterization proved 
(his to be on the basis of mitral stenosis but operation was refused. He is alive with a 
grossly enlarged heart and in rapidly deteriorating condition. 

In addition, one female (Case 4) continued to bleed intermittently following 
study and died 15 months later. 


Case 4.—M. D., a 54-year-old white nouiau, was first seen in November, 195S, with a 
complaint of gross hemoptysis of several days' duration. Investigation revealed no abnormali- 
liC;. In June. 1959, she had another episode of gross hemoptysis. Repeat roentgenograms 
showed no abnormalities and no change. She was readmitted in February. I960, in shock 
and died a few days later of a dissecting thoracic aortic aneurysm. There was no hemoptysis 
during the terminal episode and autopsy revealed no anatomic cause for the previous Itemop- 
Available evidence would indicate that they were isolated and unrelated phenomena. 


la addition to the death reported above. 3 other patients are known to be 
ead all of causes xmrelated to the hemoptysis. 

Case 5 . A 63 -vear-old white man died 3 years after study from hemorrhage from the 
renal pedicle after a nephrectomy. 

Case 6 . A oS-year-old white man died 0V2 years later from the last of three mvo- 
al infarctions which had occurred in the succeeding years. 

^ ASE '• A 52 -year-old white man died, 21 months after study, from cirrhosis of the 


to 1 / at * eats a ^ ve but with serious disease which has no apparent relation 
h. hemoptysis include: (a) a 33-year-old man. previously mentioned, who 
e,<? oped squamous cell carcinoma of the lip 4 years later: (b) a 42-year-old 
man wh 0 developed myocardial infarction 14 months later; (c) a 46-rear-old 
"oman who became psychotic 5 years later: (d) a 61-year-old man, a hyper- 
n °. "' ,0 developed a stroke 6 months later and a myocardial infarction 
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12 months later; (e) a 60-year-old man who developed carcinoma of the soft 
palate 18 months later; and (f) a 52-year-old man who has had two myocardial 
infarctions in the 9 years subsequent to study. 

ANALYSIS OP THE VARIOUS THEORIES OFFERED TO EXPLAIN HEMOPTYSIS OF 
UNDETERMINED ORIGIN 

1. Mucosal Ulceration Beyond the Vision of the Bronchoscopist .— 

2. Undetected Bronchiectasis of a Single Radicle .— 

We feel that it is impossible to either prove or disprove either of the abo\e 
as the cause of the hemoptysis. 

3. Pulmonary Hypertension.— Three patients in this group ultimately ha 
their hemoptysis explained on this basis. 

4. Systemic Hypertension. — Nine patients of the original 97 had systemic 
hypertension. One 54-year-old man has been lost to the series. The remaining 
8 are alive and have not subsequently bled over intervals ranging fiom 
months to 8 years. 

5. Blood Dyscrasias. —There were no blood dyscrasias in this series. 

6. Small Infarct Without X-ray Evidence. —This is impossible to 
disprove. However, it strains the imagination to conceive that the many pa i 
in this series who had multiple episodes of hemoptysis would never show x raj 

evidence. . 

7. Vicarious Menstruation. —We are convinced of the existence of tus 
drome and have seen it occur in other patients with a pulmonary lesion, 
were no cases in this series, however, which met the criteria. 

8. Varicosities About the Carina and Upper Lobe Orifices. Smi 
ventured the opinion that a probable site of predilection for hemoptysis ex 
around the carina and upper lobe orifices. He feels that, even in noima ^ 
dividuals, there are often phlebectases in these sites just as theie aie 
nasal septum. We have not been impressed with these findings in om pie 


SUMMARY AND CONCLUSIONS 

Ninety-seven patients with hemoptysis of undetermined origin " 01 c 

amined over a period of 9% years. MWed for 

Eighty-one of the above group (83.5 per cent) have been i 

periods ranging from 1 to 10 years. t ] ic 

Four of the 81 patients are known to be dead of causes unre. 

hemoptysis. + 0 pe 

Seventy-seven of the 81 patients followed (95 per cent) are kn 

living at the present time. . . „^ a mina- 

Three of the known living patients, within 3 years of the origin 
ti 0 n, had the bleeding explained on the basis of mitral stenosis, con D e. 
or primary pulmonary hypertension. _ kn0 wn to 

Although no cases of pulmonary carcinoma or tubercutosis a n t0 

have subsequently developed in this series, it is probably a wise p 
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re-examine by x-ray all patients at intervals of a few months for 1 year after 
the original exa min ation. Subsequent episodes of hemoptysis may require 
repetition of portions of the original study., although our experience would 
indicate that investigation of the pulmonary artery pressures might, prove more 
productive. 

The great majority (91.3 per cent) will continue in good health even though 
over 10 per cent may continue to have occasional episodes of hemoptysis. In 
an analogous situation in the urinary tract, with the same prognosis, the term 
“essential hematuria” is widely accepted. We feel there is equal evidence to 
support the terminology of “essential hemoptysis" in the cases under discussion. 
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Discussion 

DR. RODOLFO HERRERA, Guatemala City, Guatemala.—There is a disease called 
endemic hemoptysis or paragonimiasis which is quite common in Asia. Besides the fact 
that it was first discovered in a tiger in Ams terdam in 1S77 there are two interesting things 
about this disease, which is caused by a fluke, Paragonimus westernumi. 

First is the fact that it has been reported in some parts of Latin America and in 
North America in United States Naval personnel. Second is the fact that the larvae of 
tins parasite pass through the duodenal wall and then through the diaphragm and into the 
lungs, where they give rise to bloody sputum. 

Similar life cycles exist in other more common parasites, such as Ascaris, Uncinaria. 
and the larvae are occasionally found in the sputum. The chest roentgenogram is usuallv 
negative at the time of the first bloody sputum, although a few days later it may show 
nominal areas of soft density which disappear spontaneously very rapidly. This is sometimes 
cdled tropical pulmonary eosinophilia in the English literature. 

The point which I want to make is that in order to pin the diagnosis of idiopathic 
emoptysis on a patient we should probably have negative studies of sputum and stool in 
-earcli for parasites, in addition to the list of negatives given by Drs. Barrett and Tuttle 
m their very interesting paper. 

g LEONARD EEMXER. Hartford. Conn.—To confirm the second point in Dr. 

arrett s paper, we have had occasion to study a patient over a period of 22 years. This 
PJ was a student nurse at the time when hemoptysis first occurred, and she had. in the 
lear period, a total of ten bronchoscopy studies done by various examiners, as well as 
' ^. Te b r °nchograms. At no time was the etiology of the hemoptysis determined. The 
i ent was offered a middle lobectomy 2 years ago, following bronchoscopy which showed 
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blood coming from the right middle lobe orifice. She refused. One year ago, after the 
twelfth bronchogram was made, definite bronchiectasis was evident, this time in the right 
middle lobe, and the patient has had a right middle lobectomy in the past year. 

The pathologic examination definitely proved the bronchiectasis in the right middle lobe. 


DR. DUANE CARR, Memphis, Tenn.—There is one entity particularly prevalent in 
our section of the country for which one might well be on the lookout, and that is the 
broncholith, or bronchial stone. In an area in which histoplasmosis is endemic, there are 
a great many calcified nodes that arc closely associated with the trachea and bronchial tree, 
including the almost uniformly demonstrable azygos node, as we call it, at the right side 
of five trachea. In tinio these may erode into a bronchus and may be expectorated, often 
being accompanied by hemoptysis for which no other cause can be found. 

Obtaining the history of these is somewhat amusing at times. These patients fre¬ 
quently will recall, if prodded, that they indeed spat up what they thought was a piece of a 
tooth filling or a grain of sand, but not finding any absent fillings, they dismissed it from 
tlicir minds. You have the diagnosis immediately from the history alone. 

Some bronchial stones, or casts, actually form within the bronchi themselves as a 
result of long-standing inspissated pus, which becomes so dry and so hard that it finally 
calcifies and forms actual casts of the tracheobronchial tree or segments of it. These J 011 
find as staghorn stones, very much like those one finds in the pelvis of the kidney. Sometimes 
they can be seen at bronchoscopy. When not visible by bronchoscopy, it is not unknown to 
be able to spot them by careful perusal of serial x-ray films. 

It is just one more entity to remove from those that one must designate as “hemoptysis, 
cause unknown.” 


DR. THEODORE R. HUDSON, Chicago, lib—Dr. Barrett showed one slide in "''lich 
tho presence of varicosities about the upper lobe orifices had been hypothecated, d can 
verify this in the case of a young woman who had a violent hemoptysis, and in the orifice 
of the left upper lobe I could see on bronchoscopy a wormlike, glistening mass which p uls ' 1 m • 
I couldn’t believe my senses, and I bronclioscoped her 2 weeks later with 2 other P e P ^ 
present to look in with me. The same thing was seen again, looking just the same as i 
had before. 

This was a varicosity, as shown by removal of the left upper lobe. This papd 
me a nice new term to put on the insurance forms. I am sure that the insurance peep c 
accept “essential hemoptysis” more readily than they will “hemoptysis, etiology un o e 
mined. ’ ’ 

DR. TUTTLE (Closing).—I had nothing much to do with this paper, except that 1 
bronehoscoped a number of these patients, and I coined the term “essential hemop 
Dr. Barrett is to be credited with all of the work, which was prodigious. "We sent on m 
follow-up letters and called many physicians in order to accomplish this study. 

I think it is interesting that relatively' few of these patients developed ca ^® in a 0 ^ e a r 
In fact, none in this series did, although there was 1 in the previous group that < u a 
a period of two years. I think that we must not release this to the internists, because^ 
we do, we will miss many carcinomas, and I think that is the one essential fact thnt_ m “'^ 
be brought out—that, when bleeding occurs, bleeding should be traced, just as it is 
the kidney. 

The term “essential hematuria” has been known for many years. It was known ^ 
I was a student, and that was many years ago, and it is still known. And now we ^ 
recoined it for this phenomenon which occurs in the lung. But we still must trace 
down, and so I would say on this whole subject, “Carry on, stout fellows!” 



LIGATION AND DIVISION OE THE BRONCHUS IN THE 
SURGICAL TREATMENT OF CAVITARY TUBERCULOSIS 

/. Maxwell Chamberlain, M.D.,* and Thomas AI. McNeill, Al.D., 

New York, N. Y. 

A uto-occlusion of the bronchus occurs in the natural course of tuberculosis 
. as an inconstant but very fortunate event. Many provocative concepts 
have been offered on its significance in cavity healing. Sudden and dramatic 
canty closure occurred in unpredictable ways under the influence of pneumo¬ 
thorax, thoracoplasty, and even phrenic nerve paralysis. The credit that be¬ 
longed to bronchial occlusion as the essential common denominator among these 
successful cases was bestowed liberally upon the various collapse measures by 
their enthusiastic proponents. 

The importance of bronchial occlusion became obscured in later years with 
the popularity of resection therapy for pulmonary tuberculosis and, while ac¬ 
cepted modem concepts of treatment have proved adequate for the vast majority 
of patients, there remains a significant group of patients for whom no surgical 
solution exists. 

The purpose of this presentation is to record our experiences with 25 cases 
of advanced cavitary tuberculosis treated by operative bronchial occlusion. 

historical background 

Anatomic, Bacteriologic, and Pathophysiologic Concepts .— 

The concept of operative occlusion of the draining bronchus in cavitary tuberculosis 
evolved from basic studies on atelectasis. Clinical observations on ateletasis in tuberculous 
lungs and investigations on the behavior of tuberculous cavities and the role of their draining 
hronchi provide fundamentals essential to the logic of our thesis. Extensive bibliographies 
°u the study of atelectasis have been compiled by many authors, notably by Coryllosao and 
Churchill.coa Selected references have been made to these and other studies, as they applied 
particularly to the development of operative bronchial occlusion in the treatment of tubercu¬ 
lous cavities. 

The clinical acceptance of concepts developed experimentally frequently must await emo¬ 
tional or technical advances. In 1S44 JXendelssolin 1 showed experimentally that bronchial 
obstruction caused atelectasis, and in 1S79 Lichtheim- occluded bronchi in rabbits with 
sticks of lamcnaria and stressed hot only the importance of bronchial obstruction in lung 
collapse but also the role of the blood in the absorption of air distal to bronchial obstruction. 
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Nevertheless, numerous theories on atelectasis continued to appear in the literature. Elliott 
and Dingleys in 1914 challenged the widely accepted concept of W. Pasteur*. 5 in England 
that paralysis of the intercostal muscles and diaphragm was primary in the cause of 
atelectasis and pneumonia. These authors recognized that bronchial obstruction by retained 
secretions caused atelectasis and recommended cough and expectorants in its treatment. The 
wisdom of this concept became obvious clinically only after the adoption of bronchoseopic 
aspiration in the late 1920’s. In J92S Lee and his associates** presented very convincing 
experimental proof of the obstruction theory of atelectasis. 

The popularity of pneumothorax and thoracoplasty in the 1920’s aroused much interest 
in the possible effects on tuberculosis of spontaneous or induced atelectasis. An experimental 
approach to the pathophysiology of therapeutic pneumothorax by Andrus? in 1925 involved 
the collapse of one lung in dogs by bronchial ligation. The microscopic appearance of the 
lung after several months was one of passive vascular congestion and a dense cellular stroma 
which seemed to be composed of alveolar cells and many fibroblasts. During the same year, 
Gardners reported on the pathology of artificial pneumothorax in tuberculosis. He observed 
that fibrosis in collapsed tuberculous lung was greatly in excess of that in an uncompressed 
tuberculous lung and suggested that the fibrosis might be accelerated or stimulated by lympn 
stasis. More important than this to our present thesis, he made reference to the failure of 
miliary tuberculosis in man to localize in collapsed lung tissue. 

Van Allen and Lindskog 9 in 1930 contributed basic understanding to the mechanics of 
atelectasis with their discovery of intralobar collateral ventilation in dogs. They showed 
that atelectasis occurred when lobar bronchi were occluded, whereas atelectasis failed to occur 
when the occlusion was at the segmental level in otherwise normal lungs. Collateral venfila 
tion was found to be present in normal respiration, being a delicate mechanism activated by 
a pressure differential of only a few millimeters of water. The presence of collateral vent a 
tion in human lungs was confirmed in 1948 by Baarsma.io Van Allen 11 reported further m 
1932 that patchy or lobular atelectasis will follow obstruction of small bronchi, provide 
that collateral ventilation has been suppressed by previous inflammatory thickening of *e 
alveolar septa. An additional feature of collateral ventilation was provided in 1931 T 
Adams and Livingstone,rz when they discovered that collateral ventilation occurred between 
lobes when interlobar fissures were not complete. The importance of this finding to bronc 11:1 
ligation will be discussed later. 

Phthisiologists presented divided opinions on the effects of atelectasis on pulmonary 
tuberculosis. Some observed deleterious effects while others considered atelectasis to 
beneficial. Hablistonw in 1928 cited the marked increase in negative intrapleural pressure 
following massive lung collapse and recommended artificial pneumothorax to relieve e 
resultant cardiac displacement and associated symptoms. Jacobaeus and Wes term ark* 4 m 
1930 and E. E. Glenn 1 ® in 1931 reported on the deleterious effects of atelectasis. The latter 
author noted that, following lobar atelectasis, cavities sometimes re-opened in ipsilateral o e ~j 
presumably because of the more negative intrapleural pressure. The treatment suggested was 


artificial pneumothorax. 

Favorable clinical effects of atelectasis on the course of pulmonary tuberculosis «e re 
described by Packard 1 ® in 1928, Hennell 17 and Korol 15 in 1931, and by Zavod 19 in 1938. 


major contributions by Coryllos and by Adams on this concept will be reviewed. 

The exhaustive studies made by Coryllos during the late 1920’s and 1930’s added greatly 
to our knowledge of cavitary tuberculosis, especially of the role of the draining bronchi, a* 1 ^ 
the clinical importance of bronchial occlusion and atelectasis. Coryllos and Birnbaum 
reported in 1928 on obstructive massive atelectasis of the lung, and noted that comp e 
bronchial obstruction or lung compression always was present. They stated that arti » 
pneumothorax might be palliative, but was not therapeutic, and proposed hronchoscop* 
aspiration as the treatment of choice. In a later report in 1929, Coryllos 71 desen e ^ 
circulation of atelectatic lung and noted that ischemia was proportionate to the ae ^ e ® u 
hms collapse, that circulation and ventilation were parallel functions. In studies on p 
monia he observed that the fate of the lung after bronchial obstruction depended up 
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microbes infecting tlie obstructing mucus, 22 and confirmed earlier work concerning absorption 
of gases from obstructed parcnclijma by the cnculatmg blood 23 

Corvllos and Ornstem 24 summai ire! tbeir concepts in 1938. They attempted to 
con elate pathologic features of the draining bionclu to the seemingly erratic behavior 
of cavities 23 30 the usual oblique entrj of draining bronchi through the canty wall favored 
temporary bronchial obstruction because of compression as the cavit) distended, inflammatory 
changes m the congested bronchial walls and tubeicnlous destiuetion of supporting cartilage 
rings, in the presence of inspissated mucus and blood, peimitted temporary bronchial collapse 
and a check valie mechanism 34 . 32 and set the stage for successful fibrous tissue obliteration 
and pcimanent bronchial occlusion and cavit) healing, the passue \ascular congestion 
attendant upon subsequent atelectasis lesulted in tissue lijpo\ia, which in turn stimulated 
fibrous proliferation (likened to Volkmann’s ischemic contracture) 33 They postulated that 
permanent atelectasis, as with thoraeoplastj, accounted frequently for successful cavity closure 
since the proliferation of fibious tissue in distorted bronchi was stimulated by an ischemic 
environment and permanent bronchial occlusion occurred, wlieieas pneumothorax failed fre¬ 
quently to accomplish cavit) closure since the maintenance of collapse and ischemia were 
intei nnttent Reference to the stimulating effect of tissue lijpoxia on fibrous tissue formation 
was made in 1930 b) Lenche and Polieard 34 

Coryllos and Omstem included, in tlieir report, studies on the bacteriology of tubercu 
lous cavities To refute many previous reports of almost universal secondary bacterial con 
tnmination, it was possible by careful technique to demonstrate sterility of open cavities, 
except for the tubercle bacillus Corjllos bad suspected that this was true, since serious 
suppurative complications had not been obsen ed follow mg cant) closure that occurred 
spontaneously, or by virtue of imposed collapse measures, such as thoracoplasty Coryllos 
concluded- “These bacteriologic findings are of consideiable practical importance In fact, 
if tlie danger of obliteration of the draining bronchus is lcmoved, there is no reason wlij we 
should not tTy to obtain it surgically, especially in cavities m which all other means of 
collapse, including thoracoplasty, have failed ” 


Simultaneous with the woik of Coryllos dunng the 1930’s, IV E. Adams was mvesti 
gating the effects of bronchial occlusion Adams, Van Allen, and Livingstone 35 reported on 
the response of bronchi to tlieimal mjurv and to silver mtiate cauterization, and observed the 
possibility of creating fibrous bronchial occlusion b) these methods A safe and reliable 
method for closing large bronchi in dogs by endoscopic application of silver nitrate solution 
was suggested by Adams m 1933 30 Aware of the beneficial effect of atelectasis on pul- 
monarj tuberculosis, Adams and Vorwald 34 created lobar atelectasis in dogs b) this technique 
and demonstrated, by gross and microscopic examinations, the beneficial effects of atelectasis 
on miliary tuberculosis, as well as the protective influence of established atelectasis against 
tubercle bacilli administered intravenousi) The effects of atelectasis on tuberculous lesions, 
produced endobroneially and subpleurall), also were described In the latter instances 
bronchial secretions were increased and complete bronchial occlusion with silver nitrate was 
difficult to accomplish The) reported on the technique applied m 4 human cases m which 
complete bronchial occlusion was not obtained, appaientlv because of tlie copious bronchial 
secretions This obstacle to complete bronchial occlusion by cauterization was overcome by 
Escudero and Adams, 33 m 1938, when tlie) performed bronchial ligation in dogs and accom¬ 
plished healing of experimental tuberculosis in atelectatic lobe 3 , while tlie tuberculous lesions 
progressed m aerating lobes m the same animal Kawabata 33 reported on tlie protective 
effects of induced atelectasis on hematogenous tuberculosis in 1 dibits m 193S 

The vascular changes caused bv induced atelectasis were de-cubed In Adams 4 <> as an 
increased vasculantv, in the natuie of a passive congestion rather than an active hyperemia 
‘nous tissue proliferation m tlie atelectatic lung was consideied insignificant in amount 
compared to the marked degree of fibrosis seen m infected itelcctatic lobes Tlie favorable 
effects of atelectasis on cluneal tuberculosis were lepoited bv Liams and Singer m ]935 « 
Tlie introduction in the late 1930’s of transpleuial decompression of cavities and tlie 
erest aroused by investigations in cavitar) dynamics, led natural!) to a trauscavita’ry attack 
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on tlio draining bionclius to cfteet canty closuie Coryllos and Oiastern- 1 described un 
successful attempts at transcantary bronchial occlusion with sclerosing agents, clcctrocoiguh 
tion, and by the implantation of pedunculated muscle Davidson 12 mentioned the u«o ot a 
special telescope designed to locate and coagulate the draining bionclius The various con 
cepts were appealing, but the methods genet ally wore not successful. 

The lead provided by Escudero and Adams, 3S in using a dnect surgical approach to 
bronchial occlusion by ligation, apparently was lost in the new popularity of reaction 
therapy, and the untimely death in 1938 of Dr. Coryllos, who was the gieatest pioponcnt of 
this concept. In Ins monogiaph published in 1937 on The Surgciy of Pulmonan luhercu 
losis,i3 Coryllos stated that . . the Icy to the treatment of tubeiculosis cavities is not to 
bo looked for m then walls, but in their bionelual outlets Therefore, oui efforts must tend 
to the definite obiteration of these bronchi. Unfoitunatey, notwithstanding persistent re 
search, I have not yet been able to find a procedure by which wc could locate our intervention 
to tlio closure of these bioncln. Let us hope that we may succeed some day ” 

Although attempts at direct surgical approach to bionelual occlusion were abandons 
for several years, many r plithisiologists, familial with the woik of Adams, have tiied to accom 
plish bronchial occlusion cndoscopically. Tlio scnioi autlior of this leport (J M C) 
among these and was successful on scveial occasions m coinciting bronchial stenosis to cm 
porary bronchial occlusion, with a few eventual good results In 1940 Crafoord and Frenc^ 
ner 11 described a successful clinical case of bionelual cauterization with silver mtiate 
patient had developed bronchiectasis beneath a tlioracoplastv and liad positive sputum ^ 
vision thoracoplasty was considered to he not appiopriate in these cneuinstances l ® 
a tiny bronchial opening persisted after cauterization, the sputum converted and the pa 1C 
remained well 2 years later. Melfi, Sclneilich, and Tanibormiia icpoited also on the succcs. 
of endobronchial treatment of pulmonary tuberculosis 

Since tiio foregoing expci iments and conclusions wcic made m the pro chemot iernp 
era, the question arises as to vvhethoi pathologic changes liave occuricd with chemothorapeu^ 
agents that would be significant to operative bronchial occlusion Auerbach, Kn L 
Small-m reported that stretopmycin induced a process of cavity healing different from 
which occuired prior to the use of this diug Reduction in perifocal reaction, thinner ca ' ^ 
wall, and lining of the bionchocavltaiy junction with squamous columnar epithelium, w 
extended for vaiymg distances onto the cavity wall, weic the major obseuntions Aucriac ^ 


observed that, m the era before chomotheiapy r , “closed Iiealmg” was by far 


the most frequent 


mechanism of cavity closure, occurring as the result of apposition of gianointing sui aces 
the ulcerated bronchus at the bronchocavitary junction, with eventual filnous 0 ’ 

Under the influence of chemotherapy, “open healing” occuired more frequently, wi i ca ^ 
mspissation and re opithehalization and continued patency of the bronchocav ltaiy J u 
Thompson 1 ® reported 9 6 per cent incidence of “open healing ” 0 j 

The implications of these findings convey importance to studies on the pathogcmci 
tubeicle bacdh remaining in inspissated cavities The respiratoiy metabolism of tic “ ^ 
bacillus in inspissated cavities had been studied by Novy and Soule 19 in 1925, and 1 
Shorr, and Ricliardsonso in 1930 D’Esopoo». sc icported m recent years that such 0, ”'” icral 
were nonviable in 85 to 95 per cent of resected lesions and stated that there is no S c 
agreement that these bacilli are, in fact, dead The tubei culostatic or lubcrculocida J" ^ ^ 
of acidic necrotic debris m inspissated cavities was the subject of similar mvcstiga■ 

Dubos 53 Tiom the practical standpoint, ligation and division of the draining ’' n 

produces an unfavorable environment for the tubeicle bacillus by causing tissue >. P 
and by retaining toxic necrotic debris within cav itics t „ a 

The blood flow m dog lungs, made atelectatic by bronchial ligation, was p' 

Biork and Salens 1 in 1950 Blood flow through the atelectatic lung decreased pi eg (| 
during the first month, until practically no blood passed through 

desaturation was present immediately and retained gradually to normal as « Th0 

reduced in the collapsed lung No decrease m size of the pulmonary artery 
vascular block was presumed to be m the capillary bed hypoxia, 

Whereas the report of Bjo.k and S lien deals with atelectasis and sue’ * ]scn 
factors considered beneficial sequelae of bronchial ligation, Hanlon, Scott, • 
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aad iheir co-workers 55 .reported on tlie deleterious effects on experimental tuberculosis of pul¬ 
monary artery ligation. The mechanism of enhanced growth of tubercle bacilli under these 
circumstances' lies in the fact that such lungs become perfused with highly oxygenated 
systemic blood through enlarged bronchial arteries. In a negative sense, therefore, these 
studies substantiate the virtues of bronchial ligation and division in the treatment of pul- 
moaarv tul>erculosis. Farther reference to ligation of segmental branches of the pulmonart 
artery will l>e made in our discussion. 

Concepts on bronchial occlusion, similar to those developed in this country, received 
passing attention almost simultaneously in Europe. Jacquerod 57 in France, on the basis of 
his studies on tuberculous cavities, voiced the later conclusions of Coryllos. when he stated in 
1924 that "when surgeons are able to accomplish permanent closure of the draining bronchus, 
the problem of closure of tuberculous cavities will be solved.” 

Nissen and Lezius. when assistants of Sauerbrueh in Germany, succeeded in 1932 in 
occluding bronchi in dogs and observed that the lung was transformed to a fibrous mass 
after 3 months. 57 Tverity years later, the same two surgeons reported in Germany on 
bronchial ligation and division in 16 clinical cases of advanced cavitary tuberculosis. 55 
Their conclusions on selection of patients, operative technique, various essential precautions 
and cluneal results, are very comparable to our own conclusions, arrived at without knowledge 
of their work. In his excellent book on lung resection, published in 19-53, Leziusto devoted 
a short section to bronchial ligation and division, with operative technique and important 
hroacliocavitary anatomy lieautifnlly illustrated. 

Bogush, in Russia, impressed with the results of Nissen and Lezius, began to perform 
ligation and division of the bronchus in 1953. By 1957. he and his associates were able to 
report excellent results in 50 clinical cases of advanced cavitary tubercnlosis.eo, ci Conver¬ 
sion of sputum and cavity closure occurred in 43 patients, cavities remained open in 5 
patients, and 2 patients died with contralateral pneumonia. The general conclusions of this 
report also are in agreement with our own. Margulis 02 reported in Russia, in 1957. on 
stressful control of hemorrhage from a cavity by bronchial ligation and division in a patient 
w’no could not have tolerated more extensive methods of treatment. A similar case will be 
des’ril>ed in this presentation. 

Tlie American medical literature to our knowledge contains no previous report on 
bronchial ligation and division in the treatment of cavitary tolwrculosis. The 25 cases to 
- presented comprise our total experience with this operation, the first having been per- 
forme/i iii 1945, 

SELECTION OF CASES 

The decision to perform bronchial ligation and division was made most often 
on the basis of a combination of unfavorable features of cavitary tuberculosis. 
Many patients in this group obviously were beyond consideration for standard 
resection and collapse procedures. These had multiple cavities involving one 
or more lobes, often bilaterally, and over the years had healed diffuse paren¬ 
chymal disease, now inconspicuous, at the expense of much functioning lung 
bssue. Several were thoracoplasty or pneumothorax failures, sometimes having 
. n complicated by bronchopleural fistula and empyema. Marked reduction 
ln Pulmonary function and organism resistance to the major chemotherapeutic 
drugs were constant features of this group of tubercular relics, several of whom 

me present in every sanatorium, preparing to succumb eventuallv to their 
disease. 

The group of patients just described comprised 15 of our 25 eases. Five 
among these were considered preoperatively to be suitable candidates for re¬ 
section and thoracoplasty procedures. At operation the decision was made to 
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perform ligation and division of the bronchus when the true extent of the dis¬ 
ease process became apparent, and the concept of the proposed operation he 
came untenable. For example, when the proposed operation for cavitary disease 
was upper lobectomy, superior segmental rejection of the lower lobe and thoraco¬ 
plasty. and extensive fibronodular disease was discovered in the middle and 
basilar segments, the proposed operation then assumed a high complication rid: 
that was unacceptable to these patients. Pneumonectomy for them was un¬ 
suitable because of contralateral cavitary disease, or a functionally inadequate 
lung. Thoracoplasty, to be successful, would have had to be extensive and too 
demanding on pulmonary function. The surgical alternative for these pa¬ 
tients was to subject them to an unreasonable risk, or to abandon hope and 
do nothing. 

Three patients not included in this* category, although similar in clinical 
features, were subjected to ligation and division of the bronchus as “desperation 
measures’’ (Cases 3, 10, and 12). They survived post operatively 1 month, 2 
months, and 2 months, respective)}'. Yfie considered it as unlikely that the 
operations altered the inexorable courses of their disease. 

Ligation and division of the bronchus was performed on three occasions 
when the proposed resection could not technically be accomplished. In Case# 
1 and 4, right upper lobectomy beneath a thoracoplasty was attempted. These 
earnified lobes were fused to the chest wall and to adjacent lobes The organize 
and calcified tissues surrounding the hilar vessels defied dissection and identifier 
tion. The bronchus in each case was secured with great difficulty, ami was 
ligated in 1 case and divided in the other. Case 7 also was proposed for a 
upper lobectomy for control of hemorrhage from inactive tuberculous ln° n 
chiectasis and calcification. Uncontrollable bleeding was encountered wherever 
the dissection u as directed to mobilize the adherent lobe. The hilar sti uctiu e. 
therefore were approached posteriorly and the posterior segmental hi one' 
was ligated and divided. The pulmonary hemorrhage was controlled comp ete 7 
by this maneuver. 

Two female patients became candidates simultaneously for bronchial he^ 
tion and division when one refused resection beneath a left thoracoplas ., ^ 
the other refused a thoracoplasty that would have been essential following 
recommended right upper lobectomy (Cases 13 and 14). Each consente ° 
the proposal of ligation and division. Operated upon the same day, each uK 


an excellent clinical result. 

Case 6 was unique in that the cavitary left lung contained extensive fibrosis, 
the result ol radiation therapy following radical mastectomy for breast <*« 
cinoma. Upper lobectomy, superior segmental resection, and extensile thw ,u ° 
plasty were considered hazardous and too demanding upon the marked!; ie 
duced pulmonary function Old contralateral disease pieeluded pneumonce 
tomy. T r “ 1 he and superior segmental bronchi were divided and a sm^ 
posterir .y_yvas perfoimed. An excellent result has extended a 


most A 
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The operative indications were debatable, in our opinions, only in Case 22. 
Bilateral upper lobectomy and thoracoplasty could have been justified for this 
patient. Realizing that there were multiple cavities in both upper lobes and 
scattered infiltrative and nodular disease in both lower lobe apices, we were con¬ 
cerned with avoiding space problems and preserving' maximum pulmonary func¬ 
tion. The unexpected and unfortunate outcome in this case remains unex¬ 
plained. 

The factor of age was not an important indication in this series of cases, 
except in Cases 17 and 25. These patients were 66 and 75 years of age but, 
in spite of drug resistance, might have tolerated resection. The operative trauma 
and the potential complications were considered to be less with bronchial liga¬ 
tion and division. Similar reasoning might be applied to patients having cavi¬ 
tary tuberculosis, who have had relatively recent operations for carcinoma, with 
doubtful outcome. Psychotic patients incapable of cooperation, in whom im¬ 
mediate bacteriologie negativity is an important safeguard to other patients 
and personnel, logically are candidates also for this operation. 

Experience gained from the diverse problems encountered in this series of 
25 cases has enabled us to formulate certain rules and precautions in case se¬ 
lection, as well as in operative technique. For this reason we considered it 
essential to present each case in some detail, along with diagrams of repre¬ 
sentative roentgenograms of the chest. 


CASE REPORTS 

Case 1.—(Fig. 1; P. 0., 50, white male.) Onset 1943, with far-advanced disease in all 
lobes. Two-stage thoracoplasty in 1947 failed to close giant cavity. Upper lobectomy was 
planned. Bronchus to BUL ligated, when at thoracotomy on Sept. 11, 1948, a pneumonectomy 
was the only alternative. Operation successful. Death occurred 6 weeks later from amyloid 
uremia. 

Comment: Successful. This first case of bronchial ligation accomplished cavity oblitera¬ 
tion and sputum conversion. The bronchus should have been divided. Death unrelated to 
operation. 



ADMISSION (TOMOGRAM) 



7 MONTHS POST- 6-WEEKS POST¬ 
THORACOPLASTY UGATION 


RUL. BRONCHUS 


Fig. 1. 


RUL G TT E 2 '~ (Fig - 2; M - G '> 40 > white female.) Onset 1942, bilateral apical. Cavities 
suffi ’ . and suporior se g™ cnt LLL in 1952, witli drug resistance and pulmonary in- 

tion C1Cn T' °P er ation on April 22, 1953, left upper lobectomy, superior segmental resec- 

comnHl tll0rac0plast l' "' as considered too hazardous. LUL bronchus divided, found to bo 
(see Fio-^ 9 q \ Cla Superior segmental bronchus and accessory subapical bronchus divided 
g- ). Extraperiosteal Gelfoam plombage, ribs 1-4. Eemains well after 7 years 
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Co mncnt*' Successful, Auto-occlusion of LUL bronchus and accessory sub superior 
segment were interesting- features of this case. The latter was divided along with the 
superior segment, possibly discouraging collateral ventilation. 



6VYRS POST-OP 
ADMISSION BRONCHIAL DIVISION 


LUU,B-6,B )l -6 
S PLCMBAGE 

PiK. 2. 

Case 3. (Eig. 3 ; M. K., 31, white female.) Onset 1941, Bilateral pneumothorax 
■u e to close cavities in SUL and superior segment of BLL. Presented for surgery in 
o3 as desperation measure” with increasing parenchymal disease, bilobar cavities on right, 
drug resistance, uncontrolled fever to 103“ F. daily, and marked ventilatory impairment. 

anti entered inadvertently, closed. Bronchopleural fistula and empyema fatal after 1 
month. 

Comment: Failure. Lung should have been mobilized in extiaperiosteal plane over area 
of disease. We did not consider the complication to be condemning to operation performed 
on this patient with fulminating disease. 



DIVISION 
RULa 0-6 
a PLOMBAGE 

Fig. 3. 

Case 4. (Fig, 4; K . W v 48, white female.) Onset 1949, with disease in all lobes, and 
a large cavity in a contracted RUL, persisting after 2 years of pneumothorax, and after 
plombage and thoracoplasty. Carnification of RTJL and hilar structures defied resection on 
Nov. 6, 1954. BOX, bronchus divided, as only alternative. Sputum converted. Benuu" 5 
well. 

Comment: Successful case which demonstrates that the difficulties encountered in per¬ 
forming resection for thoracoplasty failure can be solved by bronchial ligation and division. 



ADMISSION IVALON PLOMBAGE 


(REMOVAL AND 
THORACOPLASTY 
■3-MOS. LATE#?) 



)-DAY PRE-OP 5 YRS PQST-OP 


DIVISION 
R-U-L. BRONCHUS 


Fig 4. 


Case 5.—(Fig. 5; J. B., 41, white female.) Onset 1946, remission to 1930, when ad 
lobes involved. Pneumothorax failure on right, controlled by thoracoplasty. Cavity dc 
vcloped in superior segment, LLL, and segmental resection planned. At operation on March 
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I956j extension of disease into basilar segments indicated hazardous situntion for seg 
mental resection. Two divisions of B*G divided. Sputa mtcmnttcnth positive for 1 year* 
negative since then. 

Comment: Eventual successful case. The entire superior segmental bronchus should 
have been divided. Cavity control could not be claimed for operation performed. Sub- 
segmental bronchial ligation is ineffectual. 



Fig. 5. 


Case G.—(Fig. 6; M. L-, 37, white female.) Onset 1936, with cavities RUE, LTIL, 
lingula, and superior segment of LLL. All cavities closed after 4 years bilateral pneumo¬ 
thorax. Left radical mastectomy for breast carcinoma in 1954, followed by chest wall 
x-radiation. Cavities reopened LUL and LLL in 1955. Drug resistance, borderline pulmonary 
function, and contralateral disease indicated bronchial division. Operation on Hay 24, 
195S. Sputa converted. Remains well. 

Comment: Successful. Application of tliis operation to patients with recent carcinoma 
and radiation fibrosis is recommended. 



DWISXN 

un-BW.vwsa 

B-6 


Fig. 6. 


Case 7.—(Fig. 7; G. A., 59, white male.) Stable, honeycombed disease RUL many 
years. Repeated liemoptyses late 1956-1957. Sputum negative. Hemogram normal. Lobec¬ 
tomy attempted on May 16, 1957. Lobe carnified; bleeding profuse. Posterior segmental 
bronchus led to major disease and was divided. Bleeding controlled. Unexpected degree of 
collapse indicated no collateral ventilation. Remained well 6 months, then died with acute 
leukemia. 

Comment: Successful case which demonstrates application of bronchial division for 
pulmonary bleeding and to retrieve a technically difficult dissection problem. 



HEUOPTYSES 6-tf OS. POST-CP 

Di\lSK)N B-3 

Fig:. 7. 

10 C ^ E s -—(Fig. S; Z. V., 23, white female.) Onset Puerto Rico 1951. Exacerbated in 
resVt Presented in 1957 in Ne "' Fork City with cavities RUL, LUL. and LLL, and drug 
15 ance - Planned bilateral resections and thoracoplasty. At operation on Aug. 16, 1957 , 



484 


CHAMBERLAIN AND MCNEILL 


J. Thoracic and 
Cardiovas. Surg. 


extensive basilar disease indicated bronchial division as safer procedure. LUL and B-G 
divided. RUL resected on Sept. 27, 1057. Remains well. 

Comment: Successful case which demonstrates the change of operative plan upon dis¬ 
covering unexpected extent of disease, and use of bronchial division when pneumonectomy is 
contraindicated. Today we would perform also a selective extraperiosteal thoracoplasty. 



ADMISSION 3-WKS POST-OP 6 WKS. POST-OP. 


DIVISION R-U LOBECTOMY 

LUL ft B-6 

Fig-. 8. 

Case 9.— (Fig. 9; F. P., 45, Negro female.) Psychotic, syphilitic Negro woman de¬ 
veloped bilateral disease in 1949. RUL resected 1954. Cavity in basilar segments of ELL 
in 1956. Left sanatorium against medical advice in 1957, returned 1958 with enlarged cavity 
drug-resistant organisms, low pulmonary function. Bronchial division considered procedure of 
choice. At operation on April 11, 1958, cavity' opened, filled with saline, and “bubbled” by 
anesthetist to identify communicating bronchi. B-9 and B-10 divided. Cavity remained open 
and bronchiectasis developed. Completion pneumonectomy in October, 1958. 

Comment: Failure. Deliberate opening of the cavity to identify draining bronchi prob 
ably should not be done. We do not believe that basilar cavities are best treated by 
bronchial division, especially in the presence of lung distention following ipsilateral lobectomy. 



RU LOBECTOMY DIVISION B-9 & 10 PNEUMONECTOMY 

Fig:. 9. 

' Case 10.— (Fig. 10; W. J., 40, white male.) Onset right apical disease in 1943. P' 
ciplinary problem, failed to curtail activities and to take drugs. Accepted hospitalization 
1957, with RUL, LUL and LLL cavities, and old empyema, right. Organisms resistan 
Thoracoplasty' June, 1957. Marked impairment of pulmonary' function. LUL bronchus an 
B-6 divided on April 16, 1958, as “desperation measure.” Cavities closed and sputum co 
verted. Cardiopulmonary failure was progressive and death occurred 10 weeks postoperative 

Comment: Failure. Successful cavity collapse was accomplished. We did not confide 
that the operation performed was responsible for death. 



ONSET 



POST* EMPYEMA THORACOPLASTY DRAINAGE 

EMPYEMA 



' 7-1-58 

3-M0S- POST-OP 
DIVISION 
UU L. BRONCHUS 

a B-6 


Fig. 10. 
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Case 11.—(Fig. 11; A. R., 35, white female.) Onset LUL disease Puerto Eico 1950. 
improved after 1 rear of pneumothorax and triple chemotherapy. Presented in New York 
City in 1956 with extensive disease, and cavities in RUL, ELL and LUL. Organisms 
resistant. Pulmonary function markedly rednced. Presented for surgical evaluation in 
195S; bronchial division considered procedure of choice. On April 24, 195S, RUL bronchus 
divided. Lower lobe cavity extended into basilar segments. Cavity opened, filled with 
saline, and “bubbled*'' by anesthetist. B-6 and B-9 divided. RUL continues to ventilate, and 
both cavities remain open to present time. Opportunity still present for plombage or re¬ 
section. 

Comment: Failure. Demonstrates the virtues of simultaneous extraperiosteal thoraco¬ 
plasty. as portrayed in Fig. 26. This should have been done in tliis case to obliterate channels 
of collateral ventilation. Probably B-10 should also have been divided. 



A-23-SS 5-5-55 1 JAY. I?5? 
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fuis_ eaaoius. 

E-6 & 0-9 

Fig. IX. 

Case 12.—(Fig. 12; if. P., 56, white male.) Syphilitic, diabetic, schizophrenic man, 
presented in 1952 with extensive bilateral disease. Cavity persisted in RUL. Personalitv 
preclnded cooperation. Steady deterioration. Organism resistance by 195S. Bronchial 
division considered only possibility to retrieve desperate situation. RUL bronchus divided 
on June 20, 195S. Cavity entered inadvertently in extrapleural plane; closure with absorbable 
sutures. Proximal bronchial stump disrupted on fourth postoperative day. Empyema 
drained. Death unexpected on Aug. 30, 195S. Autopsy showed perforated gall bladder, 
general peritonitis, adequately drained empyema. 

Comment: Failure. Lung mobilization should have been done in the extraperiosteal 
plane to avoid entering the cavity and to provide lateral collapse. In addition to operative 
complications, death was related to ruptured gall bladder and peritonitis. 


^ \ 
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6-2«-£3 ' 
*-2iYS POST-OP 
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Fig-. 12. 

i 104 ^ 13 ' 13: H ' F -' 52 ’ white fema,e -) Clironic alcoholic. Small RUL cavity 

LLL 49 • TW ° large Cavities Ij - V 195 °* Thoracoplasty refused. Cavities closed intermittently. 

cavity m 19ol. Inferior alveolar ridge resected for carcinoma in 3954. Uiula excised 
or recurrence in 1950. Radical neck dissection in 1957. Meanwhile, cavities persisted, 
l ateral resection and thoracoplasty refused. Consented to bronchial liration and 

tioTof'TT E T UL T d diTWed 0a JuI - V 1G * W5S - Cavities cl05ed - Superior segmental resec- 
followL : che ^ aled for Januar -U 1^59. Patient died that month of puhnonarv embolus 
oitowmg repair of strangulated inguinal hernia. 
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12-31-58 
5-M0S- POST-OP, 
DIVISION 
RULBRONCNUS 


Fltf. 13. 

involved h clvir (F ‘ f ’'‘miT K ‘ r ’’ ' iS ' N °? ro i ’ e,nllI<! C Onset in January, 1955. All lol.es 
i , ' ,uld TiUL, persisting during pncuinoporitonoiim and clicmotlieraj.y. 

tl.oA'eZ^v r" ,U ( ° Ct0bCr ’ ]M7 ‘ —ted in January, 1958. Resection 1 Jil 

bronchus d,V / T P °' s, ‘ st ® r,t cftv,l,cs refused, but consented to bronchial division. Mil, 
bronchus dmded on July 10 , 1958. Cavities closed and sputum converted. Remains well. 

Comment: Successful case. Refused resection beneath thoracoplasty. 




10-8-56 
nnORACOPLASTY 
IN OCT. 1957) 


G-17-58 
6-MOS. POST-OP. 
R.U. LOBECTOMY 



<-£3-60 
18-MOS. POST-OP. 

DIVISION 
LUL. BRONCHUS 


Fig. M. 

i; 7 i R- ’ "'b'te male.) Minimal tuberculosis in 1914. E.xacerha- 

nm ' 1 nr l y r T.l 955 ' Rofusod hospitalization until 1957. All lobes involved, with cavities 
1 , and L p L - BLL cavity closed by January, 1958. Pulmonary function 
. . j j . hi 10 ’’ 0 jcctomics, superior segmental resections, and thoracoplasty, bilaterally, 

dosiirn W 00 cxtcns,v0 - BTJ L bronchus divided on July 17, 195S, with o/Tectivo cavity 
flrvi.Tf. 7 ni» 'oraco omy on March 9, 1959. Apical-posterior segmental bronchus of I.W j 
. ' 10 ,ln orior <u| d lingular segments were very large. To preserve maximum func- 

, ‘“o “Sp'onia, 1111 ^ f° prevent or reduce collateral ventilation into the apical-posterior 
jv 1 * * <l 1 I ,IGV0,| t their collapse, the anterior segmental bronchus was divided (? cc 

k a 80 divided. Cavities closed and sputum converted. Remains well. 

Comment: Successful case of bilateral bronchial ligation and division. Today wo 
would perform simultaneous selective extraperiosleal thoracoplasty, and ligate and divide 
prophylact,eally B-0, right, to ensure continued cavity closure in that segment. 




3 - 24-59 
2-WKS. POST-OP. 
DIVISION, LEFT 
B1-3,0-2 a B-G 


lii. 


CASK 10.— (Fig. 10; W. G., -10, white male.) Onset. 1955. Remained hospitalized. 
Multiple cavities RUL. Giant cavity ItLL apex. LUL honeycombed. Sputum persistently 
positive. MBC, 39 L. per minute. VC, 42 per cent. TVO, 75 per cent in 3 seconds. Rigid 
lung performed 14 per cent of total ventilation. Fluoroscopy showed air-trapping in giant 
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cavity. Arterial O. S9 per cent breatliing room air, and 93 per cent breathing oxygen. RUL 
bronchus and B-6 divided on Sept. 4, 195S. Sputum converted and has remained negative. 
Three months later, MBC was 43 L. per minute, and VC 77 per cent. Arterial oxygen 
saturation normal. 

Comment: Successful case which demonstrates improved ventilatory and respiratory 
function. Todav we would perform also a small extraperiosteal thoracoplasty to assist 
collapse and to discourage collateral ventilation. 



DIVISION 
fUAC BRONCHUS 
a B-6 

Fig. 16. 

Case 17.—(Fig. 17; H. Z., 66, white male.) Onset October, 1956. Exudative disease in 
all lobes on right. Multiple cavities in RUL. Diaphragms flattened. Organisms resistant to 
major drugs in 195S. Elected to perform bronchial division because of age, poor pulmonary 
function, and organism resistance. BUL bronchus divided on May 11, 1959. Cavities closed 
and sputum converted. 

Comment: Successful case, age 66. Advisable to perform simultaneous extraperiosteal 
thoracoplasty over apex. 



9M0S- POST-OP. 
DIVISION R.UJ_ 


Fig-. 17. 

Case 18.—(Fig. 18; H. M., 5S, white male.) History of pulmonary emphysema. On- 
5 ®t tuberculosis August, 1957. Dense exudative disease in BUL and apex of BLL. Minimal 
■sease LUL. Some contraction of BUL occurred after IS months. Ventilator;- studies and 
blood gas analyses confirmed moderate emphysema. BUL bronchus divided on June 8, 1959. 
Cavities closed and sputum converted. Remains clinically well. 

Comment: Successful case. Extraperiosteal thoracoplasty over apex advisable. 



I MO POST-op 8 WOS. POST- OP 


DIVISION 
R-UL. BRONCHUS 

Fig. IS. 

Ca ’ .^ ASE 19; IV. G., 49, Negro male.) Exudative disease in all lobes in 1954. 

^nvitiea persisted in contracted BUL. Left sanatorium against medical advice. Increased 
1C °iq°p l llateratl - V in 1959 ‘ Pulmonary function markedly diminished. At operation on Sept. 
> °9, because of incomplete major fissures and extensive middle lobe and basilar disease, 
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decision made to divide RUL bronchus and B-G as alternative to hazardous resection. 
Posterior thoracoplasty, ribs 2 to 5. Cavities closed. Sputum converted. Remains well. 

Comment: Successful case. Isot necessary to remove ribs. 



TOMOGRAMS 3 WKS. POST-OP. 6 MOS. POST-OP 

DIVISION RUL. S 


8-6 a 

THORACOPLASTY 


Fi&. 19. 

Case 20.—(Fig. 20; E. S., 45, white male.) Onset 1951. Exacerbation 1956. Inade¬ 
quate chemotherapy on these occasions. Diffuse disease in RUL, with contracted thoracic 
cage and retracted trachea. Sputum positive October, 1959; cavities in RUL and apex o 
RLL. Lobectomy and segmental resection planned. At operation, on Oct. 14, 1959, oun 
extensive disease in RAIL and basilar segments, considered hazardous circumstances for re 
section. RUL bronchus and B-G divided. Cavities closed and sputum converted. Discharge 
from hospital on thirteenth postoperative day. Septic course 3 weeks later, with abun an 
phlegm containing tubercle bacilli. RAIL infiltration presumed tuberculous pneumonia. 
Pneumonectomy was considered when, in January, 1960, the RML cleared, the sputum 
came nil and negative for tubercle bacilli. Subsequent course excellent. 

Comment: Complicated but successful case. Illustrates point to not decide too quick!' 
on basis of bizarre postoperative x-ray signs to accept failure and resort to resection. 



CAVITIES RUL., B-6 DIVISION RUL a B-G 


Fig-. 20. 

Case 21.—(Eig. 21; V. D., 48, white male.) Onset 1947, all lobes. Two large cavi ^ 
in LUL remained open following thoracoplasty in 1947. Apical-posterior and anterio ' 
mental resections of LUL on Feb. 14, 1949. Sputum converted. Giant cavity RUL m - 
1958. Drug resistance present by April, 1959, and marked pulmonary insufficient:'. r °’ 




l WK. POST-OP 
RESECTION B 




3 VYKA. Kua i -w 
DIVISION B 1-3 


Fiff. 21. 
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division, elected as procedure of choice. At operation on Nov. 17, 1959, it was considered 
essential to preserve the very large anterior segment. The apical-posterior bronchus rvas 
divided. To prevent collateral ventilation, an “artificial fissure” rvas created betrveen the 
3 pical-posterior and the anterior segments. Tuberculous empyema developed 5 rveeks later, 
the cavity having ruptured through the “artificial fissured 1 Drainage and thoracoplasty done. 
An eventual good result is expected. 

Commenl: Failure. No attempt should have been made to create an “artificial inter- 
segmental fissure.” The lobar bronchus should have been divided and an apical extra- 
periosteal thoracoplasty performed. 

Case 22.—(Fig. 22; Id. X., 4S, white female.) Discovered in 1917 to have hyper¬ 
thyroidism, diabetes mellitus, and LTTL tuberculosis. Thyroidectomy done. LTJL cleared with 
chemotherapy but progressed in 1952 when diabetes was uncontrolled. Hemoptyses 1954- 
1955. Sputum positive 1957. Extensive parenchymal and cavitary disease both upper lobes 
in 1959. Nodular disease both lower lobes. Required 50 units insulin daily. Faced with 
resection and thoracoplasty bilaterally in a severe diabetic, LUL bronchus ligated, but not 
divided, on Nov. 9, 1959. Discharged from hospital 11 days later. Fatal hemoptysis at home 
on Dec. IS, 1959. Autopsy not done. Question remains whether hemorrhage arose from LUL 
or from a contralateral cavity. 

Comment: Failure. The bronchus should have been divided and a relaxing extra- 
periosteal thoracoplasty performed. 



Twxaw i wa pcst-o=>. 

CKVIS'CM OIL 


Fig. 22. 

Case 23.—(Fig. 23; J. B., 49, white male.) Diabetic, chronic alcoholic. All lobes 
involved in 1951. Cavities in RUL, LT7L, and apex of DLL. In spite of triple chemotherapy, 
cavities enlarged, and, in 195S, a cavity appeared in apex of RLL. Organisms resistant. 
Pulmonary function markedly reduced. On Jan. IS, 1960, LUL bronchus and its individual 
-egmental bronchi were doubly ligated and not divided- B-6 also ligated. Five-rib thoraco¬ 
plasty done. Cavities closed S days later, only to re-open 2 weeks later. Fatal hemoptysis 
occurred on Feb. 10, 1960. Autopsy showed hemorrhage from cavity in opposite lung. The 
doubly ligated bronchi had sloughed, and loculated empyema was present. 

Comment: Failure. The bronchi should have been divided to permit bronchial retrac- 
rion away from the hilum, and medial cavity to collapse. Not necessary to remove ribs. 



Fur. 23. 

A'ew 24 ' K’-j 35, white male.) Onset 1957 in Puerto Rico. Presented in 

deve’.o II Cltj ” ™ 195S " ittl cavity. Disease progressed and drug resistance 

°pe after 2 years. Both upper lobes contracted. Trachea distorted. ilBC, 29 L per 



GH-AMBERLAIN AND MCNEILL J.TW,^ 

Cardtoui. Surg. 

- a»s Ttyt zx? ~-* 

UuJZ nCnt: 0l,C,atl °" t0,0ratCd " e “ s P itc marked impairment of pul,nonary 
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Fur. 24. 

in DDT S f ?'’> /; h white male.) Known to have scarring and calcific foci 

T?TjT Q °. r mlln y' y cars . l'irst clinical evidence of tuberculous activity in 1937. Cavity 
p .. ' 2>ti Um P OS ^ 1VO - After 22 months chemotherapy cavity' closed and sputum converted. 

anrl f °P 0nct in October, 1959, sputum positive, organisms resistant. Advanced age 
., , 18 °f gnnisms indicated Ijronchia! division as procedure of choice. RUL bronchus 

an periosteum elevated from ribs 1 to 4 on April 20, 1960. Cavity closed. No sputum. 

,,, ^' ammcnt - Successful case, 75-year-old patient. Effective circumferential cavity 



PE-CCCNCO CAVITV 4 D4YS POST-OP 


DIVISION ftUl. 

FIff. 25. 

TECHNICAL CONSIDERATIONS 

The Incision. A standard posterolateral thoracotomy incision is extended sufficiently 
nigh in the intcrscapular region to permit performance of an extraperiosteal thoracoplasty, 
lima mated. The pleural cavity' is entered through the bed of the fifth rib, or through the 
fifth interspace if desired. 

Aung, Mobilization. Cases of long-standing, cavitary lesions often present a severe 
orm of obliterative pleuritis. Under these circumstances, exposure of the lobar bronchus 
can he difficult, since it is concealed by the inflated, adherent lung. The hilar structures 
may be approached in either of three different pianos: the intrapleural plane, the extra¬ 
pleural piano, and the extraperiosteal plane, which becomes extrapleural as one approaches 
tio mediastinum. Mobilization of the lung in the intrapleural plane can damage the 
parenchyma, and produce small, but undesirable, alveolar air leaks. Therefore, mobilization 
of tho lung in the extrapleural or the extraperiosteal plane is preferable. 

Lung mobilization is hazardous when the inflammatory reaction has been so violent as to 
obliterate the extrapleural space and fuse the diseased lung to tho periosteum ana to the 
intercostal muscles. This finding usually indicates that tho cavity wall is immediately ™b- 
pleural. A persistent effort to dissect in this piano may' prove disastrous for two reasons. 
First, the underlying cavity may be inadvertently entered and, second, the nutritional blood 
supply to the cavity wall or underlying lung may bo interrupted. This consideration is 
extremely important when it is recalled that tho bronchial artery is to be divided along with 
tho bronchus. 
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Lung mobilization in OIK' piano or another is desirable because it allows the diseased 
parenchyma to collapse when the bronchus is divided. Adequate collapse will tend to ensure 
the obliteration of intersegmental communications and thereby permit atelectasis to occur, 
with its beneficial effects on healing. We believe that these pathways between segments or 
lobes, at the bronchiolar or alveolar levels, if not obliterated, may provide devious routes for 
acid-fast bacilli to reach the tracheobronchial tree and for collateral ventilation to occur, 
and thus prevent the desired collapse. 

'When lung mobilization and hilar exposure can be accomplished easily through the intra¬ 
pleural or extrapleural plane, it is likely that lung collapse can occur, since it is not prevented 
from doing so by chest wall adhesions. However, if the bronchial ligation and division is to be 
segmental or if it is to be lobar in lungs having incomplete major fissures, we believe that a 
selective, extraperiosteal thoracoplasty over the cavity area will ensure lung collapse by 
obliterating these potential, retrograde channels. Since extreme therapeutic collapse is not 
required, the deformity of the standard thoracoplasty can be avoided by leaving the ribs in 
place. This concept of “circumferential collapse” is portrayed in Fig. 26. In addition, in¬ 
creased negativity of intrapleural pressure, because of the imposed atelectasis, is obviated 
by extraperiosteal thoracoplasty, thereby protecting areas of disease in the ipsilateral or 
contralateral lung against mediastinal shift and overdistention. 




, • P1 ^ lp: -, 26 -—This drawing demonstrates the concept of "circumferential cavity collapse.” 
M'nitiY,? I ” eura adjacent to the cavity is adherent to the periosteum and intercostal muscles, 
cnrl-ioi se sanental bronchi communicate with the cavity. B, Lung mobilization has been 
online ou ^ -! n the extraperiosteal plane over the adherent zone to provide lateral cavity 
divMoi ’ v, '"“ e preserving the chest wall collateral blood supply to the cavity. Recoil of the 
u PP® r lobe bronchus provides, in addition to the lateral collapse, an accordion-like 
taxation of the medial cavity wall. 

The Hilar Dissection .—A well-padded Penrose drain is passed around the main bronchus, 
faction on the main bronchus then permits easy and accurate identification of the desired 
Tonchus or bronchi. The major bronchial arteries may' be visualized, and branches to other 
lobes carefully preserved. 

ftit'i-sioit of Lobar Bronchi .—As soon as the proper bronchus has been identified and 
i. o ated, it may be divided. The proximal stump is closed with interrupted silk sutures and 
o'ered with viable tissue. The distal stump is doubly ligated with 1-0 silk, and allowed to 
Jtcoil into the depths of the pulmonary parenchyma, enabling collapse of the medial wall 
" ! he cavit - v - It; "ns reasoned that ligation of the distal stump was preferable to closure 
interrupted sutures, since the latter might act as small wicks along which extravasation of 
cavity contents might occur (Fig. 27). 

doul p 1 ,™' 011 ° f Sc ° mcnia} Bronchi .—Segmental bronchi are divided at their origins between 

-V ' gated 1 '° silk ligatures placed 1.5 cm. apart (Figs. 28-29). Segmental bronchi in 
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tlie left upper lobe usually are concealed by several branches of the pulmonary artery. We 
have not seen, adverse effects from ligating one or two of these vessels in approaching the 
underlying bronchus. Collateral ventilation must be dealt with when ligation and division 
are at the segmental level. Pigs. 28 and 29 suggest methods of management in conjunction, 
ideally, with extraperiosteal "circumferential collapse," as shown in Fig. 26. 

Pleural Drainage .—One intercostal tube is placed in the pleural cavity for purposes of 
suction drainage and re-expansion. If care has been exercised in mobilizing the lung and no 
significant air leaks are present at the time of closure, the tube can be removed the follow¬ 
ing day and the patient allowed out of bed. 


RESULTS OF OPERATION' 

While it is customary to judge a surgical procedure on the basis of results 
obtained, the presentation of charts and graphs in this report would shed no 
light on the merits or faults of bronchial ligation and division as we envision it 
today. We believe that we have learned much about ease selection, and have 



Fig:. 2i .—Tiie operator's view of the posterior aspect of tlie right upper k>. ven ti)a- 
retracted anteriorly. The entire lobar bronchus has been divided, to prevent ™ l ‘ a | l '': tnre and 
tion from the uninvoived anterior sermsnt The details of proximal bronemm 


• L. cuiuc lowai ui uuui 

tion from the umnvolvecl anterior segment, 
distal bronchial ligation are shown 


developed concepts on the proper conduct of the operation, all at the expense 
of the 25 unusually diverse cases in this original report. The application of ou 
present concepts to future eases will determine the worth of this operation. 

Three patients were accepted for bronchial ligation and division as 
‘‘desperation measure” (Cases 3, 10, and 12). Each was considered an opcia 
tion failure, although without operation an early fatal outcome ivas 
Two died with bronchopleural fistula and empyema, while the third died wi 
pulmonary insufficiency'. The operation did not appear to alter his progress^ 
deterioration. . 

Two other fatal results were Cases 22 and 23. Each of these had fatal pn^ 
monaiy hemorrhages, 1 month and 3 weeks postoperatively. The former P atie ” ’ 
in our present concept, should have had a relaxing extraperiosteal thoracop as h 
in addition to bronchial division. Her clinical course had been excellent up 
the day of death. The site of hemorrhage could not be determined witio 
autopsy. The other patient bled from a contralateral cavity, proved at au °P - • 
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Three additional deaths occurred from causes unrelated to the operation. 
Case 1 had cavity collapse and sputum conversion, but died after 6 weeks with 
amyloid uremia. Case 13 also had an excellent operative result, with cavity 
closure and sputiun conversion, but died after 6 months with a pulmonary em¬ 
bolus following herniorrhaphy. Case 7 had successful bronchial ligation and 
division for pulmonary hemorrhage. He died with leukemia 6 months later. 

Three patients still living were obvious operation failures. Case 9 required 
completion right pneumonectomy for middle and lower lobe bronchiectasis, per¬ 
sistent basilar cavity, and positive sputum. Previous to division of B-9 and 



Fig. 2S.—The operator’s view of the posterior aspect of tile left upper lobe, which is 
retracted anteriorly. The cavity is located in the apical-posterior segment. This bronchus and 
the adjacent anterior segmental bronchus have been divided. The lingular segments have 
been preserved. While collateral ventilation can occur into the anterior segment from the 
hngula, it was reasoned that collateral ventilation would not traverse this blocked segment 
(see Case 15). 





“PPe^'and nddeie rI lobes ,0 b^v» ’* sho "T T' ith , a .cavity in the superior segment. (The 
r Case 2 preseXd 'thf? ^tion h m\hf"eft*towVfo’be. C ° UatCraUy fr0m the 
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B-10 the patient liad had a right upper lobectomy. In retrospect, bronchial 
division performed in the remaining markedly overdistended lung without re¬ 
laxing thoracoplasty was doomed to failure. Case 11 has persistent cavities and 
positive sputum, both of which might have been averted had an extraperiosteal 
thoracoplasty been combined with the bronchial division procedure. Case 21 
developed bronchopleural fistula and empyema as the result of an ill-conceived 
attempt to preserve the anterior segment of the right upper lobe by creation 
of an artificial intersegmental fissure. Each of these failures is avoidable ac¬ 
cording to present concepts. 

The remaining 14 patients, in addition to the 3 who died from unrelated 
causes, had excellent results, with cavity closure and sputum conversion. 

In summary, baeteriologie negativity and cavity closure were accomplished 
in 17 cases, and 1 patient was negative preoperatively (Case 7). Of the 6 pa¬ 
tients not converted, 3 are dead, 1 is negative following pneumonectomy, and 2 
remain under treatment for their complications. 


DISCUSSION 


Acceptance of the concept of operative occlusion of the bronchus is facili¬ 
tated when it is realized that auto-occlusion occurs in the natural course of cavi¬ 
tary tuberculosis. In 1940 we observed a left main bronchus that was pinpoint 
in size, and pus aspirated from it contained acid-fast bacilli. Five later bion- 
choscopic examinations failed to disclose an opening to the left main bronchus, 
and sputum cultures became negative. Chest films showed opacification of the 
left hemithorax. Auto-occlusion of a main bronchus had occurred. 

An example of auto-lobar occlusion was provided in 1940 by a patient wit i 
a loud wheeze, positive sputum, and a pinpoint opening to the left upper 1° ® 
bronchus beneath an unsuccessful thoracoplasty. Stimulated by the work o 
Adams and Vorwald, the stenosed bronchial orifice was treated on three occa 
sions with 35 per cent silver nitrate. Each time the wheeze disappeared an 
the sputum became negative, only to return 10 days later as the bronchus re¬ 
opened. Eventually the bronchus closed permanently and, now, 20 years later, 
the wheeze is gone, the sputum is negative, and no cavity can be demonstrate • 
A similar lobar occlusion occurred in Case 2 of this report. 

Auto-occlusion of a segmental bronchus was observed in a 49 -year-old male 
who presented with infiltrative disease in the apical-posterior segment of the e 
upper lobe and with positive sputum. After 1 month of isoniazid and PAS, t ' e 
sputum converted and remained negative. The residual disease focus was ie 
sected 8 months later and revealed fibrous closure of the segmental bronchus. 

Ligation and division of the bronchus, as a surgical solution to cavitj 
closure, is a technical adjunct designed to mimic the natural course of the c >s 
ease. The procedure is old in principle, but its therapeutic realization was sin 
musingly slow to occur. To realize that auto-occlusion of the bronchus sonic 
times occurs in the natural course of cavitary disease was not enougn. n 
essential to learn that obstruction to drainage by bronchial occlusion was no 
harmful. We had to be assured that no secondary organisms were trapped 1,1 
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the cavity to set the stage for a fulminating lung abscess. Circulatory shunts, 
nutritional hazards with cavity rupture, bacteremia, and other potential hazards 
proved to be either nonexistent or avoidable surgically. Our errors were origi¬ 
nal errors, since we had no recourse to the mistakes of other's. 

The majority of authors reporting on the various aspects of collapse therapy 
focused their attentions on the technical maneuvers by which they achieved 
successful results. For example, the proponent of pneumothorax might empha¬ 
size the size and frequency of refills; in extrapleural pneumothorax it was the 
degree of pressure; or if the surgeon had designed an improved type of thoraco¬ 
plasty, he described in detail its technical merits. It is remarkable in retrospect 
how little attention was paid to the role of bronchial occlusion in the ultimate 
success of these varied collapse procedures. But now, we believe that surgical 
division of the bronchus should be recognized as a distinct surgical entity, not 
concealed beneath the therapeutic guise of thoracoplasty, pneumothorax, or 
other type of treatment, but to occupy its own definite place in the surgical 
treatment of cavitary tuberculosis. 

This relatively new procedure, surgical division of the bronchus, is not to 
be compared with or substituted for pulmonary resection in the treatment of 
cavitary tuberculosis. In general, ligation and division of the bronchus begins 
where resection leaves off. That is to say, when the indications for resection 
have to be extended precariously, then bronchial division may prove to be a 
more acceptable solution. 

In reviewing 300 cases of segmental resection, 03 it was noted that bronchial 
fistulas were most likely to occur when the upper lobe and the superior segment 
of the lower lobe were resected simultaneously. The fistulas were thought to be 
due to the difficulty in obliterating the residual pleural space. This observation 
was especially true on the left, when the lingula was resected along with the 
- rest of the upper lobe. In such instances, to avoid a bronchopleural fistula, a 
preliminary thoracoplasty might be done so as to eliminate a space problem at 
tbe second stage when the resection is accomplished. In some cases the surgeon 
may elect to perform the thoracoplasty at the time of the resection, but the 
dimensions of such a combined operation are to be respected. Ligation and 
division of the proper bronchi, under these circumstances, offers an alternate 
solution for patients in whom the indications for resection are being extended 
beyond reasonable risk. 

In an extensive report from England 04 on the surgical management of 
tuberculosis, it was concluded that there still is a significant place for the classi¬ 
cal therapeutic thoracoplasty, if the hazards of extensive and complicated re¬ 
sections are to be avoided. This philosophy has great merit, but to it might be 
added that if the effectiveness of the thoracoplasty' is to be ensured, then the 
Procedure should be supplemented by the surgical division of the proper bronchi. 

ie classical therapeutic thoracoplasty requires not only that long segments of 
n js be removed, but that they must be removed in sufficient number to get well 
)e ow the disease for an effective collapse. Such a procedure is deforming, it 
must be done in two or three stages, and it is costly to pulmonary function. The 
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selective exlraperiosteal thoracoplasty which is proposed at the time of bron¬ 
chial division is not deforming, it can he done in one stage, and only short seg¬ 
ments of ribs are stripped of their periosteum posteriorly. Therefore, function 
in the anterior chest is carefully preserved. 


SUMMARY 


1. Atelectasis exerts a favorable influence on pulmonary tuberculosis. 

2. The key to successful cavity collapse is permanent occlusion of the drain¬ 
ing bronchus or bronchi. 

3. Auto-occlusion of the bronchus is an inconstant but fortunate event in 
the natural course of tuberculosis, and is in no way disturbing to the general 
physiology. 

4. Ligation and division of the draining bronchus can mimic the bencficia 
effects of auto-occlusion and accomplish cavity closure and bacteriologic nega 
tivity. 

5. A concept has been presented for the safe conduct of this opeiatiou, 
developed from experiences with 25 clinical cases. 

6. Low morbidity and mortality rates will be accomplished if these basic 
concepts are followed. 

7. Many patients unsuitable for resection or major collapse measmes ca 
be treated successfully by bronchial ligation and division. 


REFERENCES 

1. Mendelssohn, J. D.: Dor Mechanismus der Respiration und Cirkulation, oder das exp' 

Wesen der Lungenhyperamicn, 2 p. 1, 384 pp., 11 Berlin, B-Behrs, low.■ . j. jq: 

2. Lichtheim, L.: Versuche fiber Lungenatelektaso, Arch. f. exper. Path. u. 1 

3. Elliott,’ t. R., and Dingley, L. A.: Massive Collapse of the Lungs Following Abd 

Operations, Lancet 1: 1305, 1914. T t g. 1351 , 

4. Pasteur, IV.: The Bradshaw Lecture on Massive Collapse of the Lung, na 

1908. 

5. Pasteur, IV.: Massive Collapse of the Lung, Brit. J. Surg. 1: 5S7, 1914- vnerimental 

G. Lee, IV. E., Ravdin, I. S., Tucker, G., and Pendergrass, E. P.: Studies 0 -1 

Pulmonary Atelectasis, Ann. Surg. 88: 15, 1928. . -Following the 

7. Andrus, W. detV.: Observations on the Cardiorespiratory Physiology ° 

Collapse of One Lung by Bronchial Ligation, Arch. Surg. 10: 506, Tuberculosis, 

8 . Gardner, L. U.: The Pathology of Artificial Pneumothorax in Pulmonary 

Am. Rev. Tuberc. 10: 501, 1925. . Arc ; L Surg 

9. Van Allen, C. M., and Lindskog, G. E.: Obstructive Pulmonary Atelectasis, 

10. Baarsma, P. it., Dirken, M. N. J., and Huizinga, E.: Collateral Ventilation in : ’ 1 

Thoracic Surg. 17: 252, 194S. _ _ irn tion Surg. 

11. Van Allen, C. M.: Obstructive Pulmonary Emphysema and Collateral Ke.p ‘ > 

Gynec. & Obst. 55: 303, 1932. . ArcIl . surg. 

12. Adams, IV. E., and Livingstone, H. M.: Obstructive Pulmonary Atelectasis, 

13 HablEtom C. C.: Intrapleural Pressures in Massive Collapse of the Lung, Am. J- 1 


of the 


14 Jacobaeus H. C., 'and Westermark, N.: A Further Study of Massive Collapse 

Lung, Acta radio! 11: 547, 1930. . Trea ,mcnt M 

rienn EE.: Massive Atelectasis in Pulmonary Tuberculosis and Its 

Artificial Pneumothorax, Am. Rev. Tuberc. 23: 507, 1931. Tuberculosis 

16. Packard, E. N.: Massive Collapse (Atelectasis) Associated With Pulmonary 
and Tumor, Am. Rev. Tuberc. 18. /, 19-8. 


Vol.-lO, No 4 
October, i960 


LIGATION AND DIVISION OF BRONCHUS 


497 


17. Hennell, H.: Atelectasis as a Factor in the Evolution of Chronic Fibroid Tuberculosis, 

Am. Rev. Tubere. 23: 46, 1931. 

18. Korol, E.: Atelectasis in Pulmonary Tuberculosis, Am. Rev. Tubere. 23: 493, 1931. 

19. Zavod, V. A.: Tuberculous Dissemination During Therapeutic Pneumothorax, Am. Rev. 

Tubere. 37: 5, 193S. . M „ T 

20. Coryllos, P. N., and Birnbaum, G. L.: Obstructive Massive Atelectasis of the Lung. 

Arch. Surg. 16: 501, 1928. . 

20a. Churchill, E. D.: Pulmonary Atelectasis "With Especial Reference to Massive Collapse 
of the Lung, Arch. Surg. 11: 489, 1925. 

21. Coryllos, P. N.: The Circulation in the Compressed Atelectatic and Pneumonic Lung, 

Arch. Surg. 19: 1346, 1929. 

22. Coryllos, P. N.: Post-Operative Apneumatosis (Atelectasis) and Post-Operative Pneu¬ 

monia, J. A. M. A. 43: 98, 1929. 

23. Coryllos, P. N., and Birnbaum, G. L.: Alveolar Gas Exchanges and Atelectasis, Arch. 

Surg. 21: 1214, 1930. 

24. Coryllos, P. N., and Ornstein, G. G.: Giant Tuberculous Cavities of the Lung, .1. 

Thoracic Surg. 8: 10, 1938. 

25. Eloesser, L.: Blocked Cavities in Pulmonary Tuberculosis, J. Thoracic Surg. 7: 1, 1937. 

26. Poix, G., and Vincent, P. S.: Variations in Cavity Size and Occlusion of Draining 

Bronchus. Pathogenic Study, Rev. de la tubere. 4: 1094, 193S. 

27. Steele, J. D., Jr., Trevis, A. VC, and Laboe, E. Q.: Unexpected Cavity Closure Follow¬ 

ing Re-Expansion of the Lung After Ineffectual Pneumothorax, J. Thoracic Surg. 
7: 49S, 1938. 

2S. Troisier and Chadoume: Collapse Therapy; Bronchial Obstruction in Relation to Cavity 
Drainage, Rev. de la tubere. 5: 66, 1939. 

29. Aufses, A. H.: Bronchial Obstruction and Collapse Therapy, Am. Rev. Tubere. 42: 672, 
1940. 


30. Brunn, H., Shipman, S., Goldman, A., and Ackerman, L.: Tuberculous Cavitation and 

Transpleural Decompression, J. Thoracic Surg. 10: 4S5, 1941. 

31. Coryllos, P. N.: How Do Rest and Collapse Treatment Cure Pulmonary Tuberculosis, 

•T. A. M. A. 100: 480, 1933. 

32. Coryllos, P. N.: The Mechanics and Biologv of Tuberculous Cavities, Am. Rev. Tubere. 

33: 639, 1936. 

33. Coryllos, P. N.: Importance of Atelectasis in Pulmonary Tuberculosis. Its Relation to 

Fibrosis and to the Pathogenesis and Healing of Tuberculous Cavities, Am. Rev. 
Tubere. 28: 1, 1933. 

34. Leriche, R., and Policard, A.: Physiologic pathologique, chirurgical, inflammations, effets 

des traumatismes, reparation des plaies, etc., Paris, 1930, Masson et Cie. 

35. Adams, AY. E„ Van Allen, C. M., and Livingstone, H. M.: Bronchial Injury and Repair, 

Ann. Surg. 91: 342, 1930. 

36. Adams, IV. E.: Detailed Description of a Safe and Reliable Method for Closing Large 

Bronchi, J. Thoracic Surg. 3: 19S, 1933. 

3(. Adams, AY. E., and Yorwald, A. J.: The Treatment of Pulmonary Tuberculosis by 
Bronchial Occlusion, d. Thoracic Surg. 3: 633, 1934. 

3. Escudero,.L., and Adams, V. E.: Healing of Experimental Pulmonary Tuberculosis by 
Fascial Transplantation and Bronchial Ligation, Am. Rev. Tubere. 38: 29S, 193S. 

• • ■ Kawabata, A.: Experimental Investigations on the Influence of Atelectasis Hpon Pul¬ 
monary Tuberculosis. IT. Influence of Occlusion Atelectasis Upon the Development 
4r) °f Pulmonary Tuberculosis, Kekknku 16: 28, 193S. 

Adams, AY. E.: Avascular Changes in Experimental Atelectasis: Morphological. Physio- 
41 \ '°£4mal and Biochemical, .T. Thoracic Surg. 4: 377, 1934. 

‘ dams, AV. E., and Singer, J. J.: The Clinical Improvement of Pulmonary Tuberculosis 
4° •U iIassiTe Atelectasis. Am. Rev. Tubere. 31: 373, 1935. 

43 ■ R ' : Discussion of paper by Eloesser, L., J. TnORACic Surg. 10: 501, 1940. 

onllos, P. IV.: The Surgery of Pulmonarv Tuberculosis, Brooklvn, N. Y., 1937, Comet 
Press, Inc., p. 17. ' ’ 

raloord, C., and Frcnckner, P.: A Case AVith Favorable Course of Bronchial Occlusion 
I reduced by Means of Bronchoscopy as Complementary Operation After Thoraeo- 

45 AI Hi t ‘ ^° r PRilateral Pulmonary Tuberculosis. Acta otolaryng. 28: 1S7. 1940. 

° 'p ". Bchverlich, M., and Tamborini, M.: Endobronchial Treatment of Tuberculous 

46 \ , lt,cs Spanish), Arch, urgent, de tisiol. 30: 225. 1954. 

’ ‘ Katz, H. L., and Small, M. J.: The Effect of Streptomycin Therapv on 

g- •“ronchocavitary Junction and Its Relation to Cavitary Healing, Am. Rev. Tubere. 

t - ■ 1^0, JJdO. 

“ Cl ' rCul0sis Aftcr t,,c Prolonged Use of Cliemothcrapy. Am. 



49 S 


CHAMBEELAIN AND MCNEILL 


J. Thoracic and 
Cardioras. Surf 


18 . 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 


59. 

60 . 


61 . 

62. 

63. 

64. 


Thompson, J. II.: "Open Healing" of Tuberculous Cavities, Am, Ber. Tuberc. 72: 601, 

1955. _ 

Norj', P. 6., and Soule, M. H.: Microbe Bespiration. II. Bespiration of the Tubercle 
Bacillus, J. Infect. Dis. 36: 168, 1925. , 

Loebel, B. 0., Shorr, E., and Biehardson, H. B.: Tlie Bespiratory Metabolism or the 
Tubercle Bacillus, 26th Meeting of the National Tuberculosis Association, D30. 
D’Esopo, N. D., Bernstein, S., Decker, A. M., Baleigh, J. W., and Steenken, >>., Jr.. 
Bacteriology of Lesions Besected During Chemotherapy, Tr. 12th Conference on t 
Chemotherapy of Tuberculosis, Veterans Administration, Washington, u. ■, 
February 1953. „ , 

D’Esopo, N. D.: Current Status of Antimicrobial Agents in the Treatment of Pulmonar. 

Tuberculosis, Am. J. Surg. 89: 617, 1955. . « 

Dubos, B. J.: Notes From the Transactions of the 12th Veterans-Army-iSav} 

ference on Chemotherapy of Tuberculosis, Peb. 9-12, 1953, Am. Bev. Tuberc. • < i 

Bjork, V.O., and Salen, E. F.: The Blood Flow Through Atelectatic Lung, J. Thoracic 
Surg. 20: 933,1950. _ . . , 

Scott, H. W., Jr., CoUins, H. A., Poster, J. H., and Avery, B. D.: Experimental W 
losis. V. Effects of Ligation of a Pulmonary Artery on the Pulmonary hesio 
Induced Bovine Tuberculosis in Babbits, J. Thoracic Surg. 29: 51 S, 19ao. 

Iselin, M., et al.: Trait de Teelwique Chirurgicale, Paris, Prance, 19oo, Ma^ ’ 

Tome IV, p. 233. 

Quoted by Iselin,sc p. 233. , oder 

Nissen, B., and Lezius, A.: Der Verschluss des Dranagebronchus als selbsto yioutsche 
erganzendes Behandlungsverfahren bei der kavernosen Lungentuber mi - , 
med. Wchnschr. 13: 385, 1952. . 

Lezius, A.: Die Lungenresektionen, Stuttgart, 1953, Georg Thieme A erlag, p. f . en j; 

Bogush, L. K., Gerasimov, N. I., and Savon, A. A.: Pereviaska Bronkior ™ bercu . 

Legochnogo Tuberkulesa (Bronchus Ligation in Treatment of Pulm ■ 3 
losis), Khirurgiia, Moskva 32 (8): 3-7, 1956. irivcrnosnogo 

Bogush, L. K.: Pereviaska Bronkliov Kak Noviji Sposob Leelieni& ‘ , . u j 0S l s 
T uberkulesa (Bronchial Ligation as a New Method for Treatment 
With Cavitation), Sovetskaia Meditsina 21 (6): 45-50, 1957. Brouklia Pi 

Margulis, M. S.: Primenenije Operacii Isorivonnoj Pereviaski Dolevog. )R g f a 
Legoehnom Kravoteclienii Iz Tuberkulesnoj Kaverni (Isolated . “Wi : rure iia, 
Bronchial Branch in Lung Hemorrhage Prom a Tuberculous Cave ), 

Moskova 33 (S): 90-91, 1957. Kcsection 

Chamberlain, J. hi., Storey, C. F., Klopstock, B., and Daniels, C. F.: Segm 

for Pulmonary Tuberculosis, J. Thoracic Surg. 26: 471, 1953. rpnlimulosis, Tr. 
Cliamberlain, J. M.: Discussion on Thoracic Surgery in Pulmonary n on iiuon- 

NAPT Commonwealth Chest Conference: Chest and Heart Disease i 
wealth, London, 1958, Tavistock House North, p. 289. 


Discussion ^ 

DE. KENJI KAWAMUBA, Kyoto, Japan.—Thanks for the privilege of the floo^ 
Adams—also thanks to Dr. Chamberlain for the report of such fine results in 16 
ligation of the bronchus. 1(Ug p ga . 

My comrade and my associate, Professor Kitagawa, also had 3 cases of 
tion for tuberculous cavities 5 years ago, which were reported in Japan, but t ic n { CC 

not so good. Dr. Chamberlain’s cases are all very good. It comes, periaps, 
selection of the locale of the ligation of tlie bronchus, I think. ^ ^ 

Kow I should like to speak about another operation for the same ad J ance J P j haT c 
case of tuberculosis; that is, extrafacial bone chips packed uith coagulated ° _ 

used the rib transplantation on the pleura in 12 cases at first, and made sure operat ion 

process during 3 to 7 years after surgery. According to these observatio ’ J ^ bone 
W as improved by the use of bone chips filled with coagulated blood. _ T « ^ ^ 
transplantation in the tissue near the tuberculous lung is based on expcnme l tootil . 

chow calcium precipitation in tuberculous foci from bone calcium, and 
(Slide) This shows bone chips that were taken from a resected rib. _ an d 

(Slide) Next you see bone chips mixed with homologous blood. coagu_ L 
then von see the operation, putting them into the extrapleural space after pu 
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(Slide) This is a roentgenogram before operation of one of the cases (slide), and the 
next is 2 weeks after (slide), and then the next is after 3 months. 

AVe have had 7 patients with such operations for advanced tuberculosis, and until now 
all of them have had good results. The longest case is 3 years, and the shortest case is one 
half a year. 

DR. JOSEPH J. TIJIMES, St. Albans, N. Y.—We have also had experience with di¬ 
vision of the bronchus in the surgical treatment of cavitary tuberculosis in the past year 
and a half, and our results thus far parallel those of Dr. Chamberlain. In the recent past 
we have sectioned the right main-stem bronchus. 

(Slide) This first slide represents a woman, 4.0 years of age, who has had many years 
of treatment for tuberculosis starting with a pneumothorax, and many attempts at medical 
therapy using various combinations of drugs. She came to us with a destroyed right lung, 
positive sputum, and the organisms resistant to the drugs. Her maximum breathing capacity 
was 24 liters per minute preoperatively. 

We divided the bronchus and then closed each end with interrupted sutures, not using 
the ligation technique of Dr. Chamberlain. At the conclusion of the operation we did a 
tracheostomy, kept her on assisted ventilation for 48 hours, and.her postoperative course was 
uncomplicated. 

(Slide) Arterial studies done 2 months postoperatively show there is now no desatura¬ 
tion at rest, or after exercise. With 100 per cent oxygen the saturation increased to 100 
per cent. 

We can interpret these studies as indicating that the shunt which must be present, 
since the pulmonary artery and the veins are left intact, must be minimal, and I wonder if 
Dr. Chamberlain would comment about this phenomenon. 

DR. WILLIAM M. TUTTLE, Detroit, Mich.—I am going to discuss this paper because 
I happened to be there when dogs’ bronchi were being cauterized, and that goes back ap¬ 
proximately 30 years. 

Now, I do not believe that this is the right surgical approach to this problem. It did 
not work in the few clinical cases which I hope Dr. Adams will tell you about, although it 
did work in dogs. In 1 case shown here today I would have taken the lung out. In other 
words, more maneuvers are used to tie a bronchus or cut a bronchus and sew it on both sides 
than we use to take the lobe out. This, to me—I must speak frankly—is against all surgical 
principles. The principle of disease therapy is to cure the disease by medicine or by God 
or by surgery, [laughter] and I just can’t go along with this. Yon leave the disease in and 
let the patient live with it, or you take it out, or you cure it by various medicaments. 

DR. LAWRENCE M. SHEETS, San Antonio, Texas.—I know that many in the audience 
have tried the very thing that Dr. Chamberlain has very ably presented here today, but I’d 
lihe to make one point: Dr. Chamberlain has not stopped doing resections, and neither will 
niost surgeons here. This operation is fraught with dangers, and I think it should be left 
m the hands of the few who still want to continue with it until there is a larger series of 
earns to place it on a broader basis. But today there are very few patients to whom we 
eannot offer resectional surgery with a very respectable mortality and morbidity. 

DR. CLARENCE CRAFOORD, Stockholm, Sweden.—The previous discussers have not, 

m -' °pinion, noticed that the type of material Dr. Chamberlain has presented is the type 

material in which resection therapy would not be possible to carry through. There is a 
proup of cases which are drug resistant, bilateral, and in which there is so much disease 
Jjread to other parts of the lungs that if resection were tried the patients would end up 

?mall Cmi) ' VCmaS aml 1)ronc,l!al fistu,as in practically every case. I think that in this limited 
group, Dr. Chamberlain’s suggestion is both sound and a very good one. 
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PRESIDENT ADAMS.—Since reference was made to our earlier wort, I will merely 
make two remarks. 


One is that the tubercle bacillus which we used would always lead to the death of the 
dogs, and it was very striking how relatively little or no tuberculosis developed in atelectatic 
lungs. 

The second point is that the clinical cases selected—and there were only I—all had 
huge cavities with secondary infection, and we were unable to occlude completely the bronchus 
in these cases. 

When Dr. Chamberlain first spoke to me about his experience with obstruction of the 
bronchus by division and suture, I had the feeling that the results of obstruction should he 
similar in patients to those seen in animals. I would be very inclined to agree with Dr. 
Crafoord that the risk of resection would be very great in those cases in which the organisms 
were resistant to the drugs and the involvement was as great as he showed. 


DR. CHAMBERLAIN (Closing).—I would like to thank all the discussers, especially 
Dr. Crafoord, and to point out to you the one point that Dr. Timmes did not make. I happen 
to know about his case. The patient technically was hopelessly nonreseetable. It was 1 m 
possible to remove the lung as it was described to me, and I am sure that his solution was 
the proper one. 


Dr. Shefts made some excellent points. lie pointed out that there are definite dangers 
to the ligation and division of the bronchus, and in the manuscript we have gone into g rW 
detail to point out the dangers. 

I would like to close by- adding a word of caution. I hope that yon will not r ^ u ™ 
your respective environments and attack every therapeutic failure by ligating and ^ 
the bronchus. We have made many errors, and I hope that before you proceed wi 1 
operation you will take advantage of these mistakes by following certain basic p nnc, P 
of case selection and operative technique which we have formulated. 
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T he classic paper entitled “Simple Excision in the Treatment of Pulmo¬ 
nary Tuberculosis” by Ryan, Medlar, and Welles 1 was read by Dr. Ryan 
before the Thirty-first Annual meeting of this Association in Atlantic City 
in April of 1951. Since that presentation there has heen a fundamental 
change in regard to the complete treatment of pulmonary tuberculosis. The 
principles of treatment no longer concern themselves with arrest but rather 
with excision of the residuals of the disease and possible bacteriologic cure. 

A major area of disagreement about the indication for pulmonary re¬ 
section in tuberculosis concerns itself with patients who have residual disease 
and negative sputum. Should these patients be subjected to resection or be 
continued on bed rest and antimicrobial therapy ? D ’Esopo and his associates 2 
have stated that the relapse rate is no different in resected and unresected nodu¬ 
lar residuals. Culture of resected specimens by this group revealed that most of 
the organisms were nonviable. Hobby and co-workers, 3 ■with special culture 
techniques, have demonstrated that tubercle bacilli present in closed necrotic 
lesions after long-term chemotherapy are not as “dead” as has been suggested 
by others. 

Although investigators have identified tubercle bacilli in resected caseous 
nodules and cavities of patients with negative sputa, these organisms have 
been difficult to culture 4 9 (Table I). The reported incidence of live bacilli 



Table I. Previous Series 

Sputum-Negative Patients 

__ YEAR 

INVESTIGATORS 

NO. OP 

PATIENTS 

TOTAL POSITIVE 
RESECTED SPECIMENS 

1952 

D’Esopo et al.* 

S4 

15% 

1955 

Hobby et al.s 

43 

72% 

195o 

Adler et al.o 

103 

1S% 

1956 

Stewart et al.t 

47 

23% 

195G 

Bell 3 

147 

40% 

1956 

Wayne and Salkino 

201 

15% 

1957 

Ilurford and Valentine 10 

50 

3S% 

1959 

Nat. Jewish Hosp. 11 

113 

5% 

I960 

Willauer 

29 

S5% 
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lias varied from 5 to 72 per cent. Auerbach 12 has pointed ont the danger of 
supposed negative lesions discharging viable tubercle bacilli into the tracheo¬ 
bronchial tree. 

It was the purpose of this study to investigate the incidence of viable 
organisms in resected specimens from a series of patients with negative sputa. 

Many investigators 13 have used elaborate techniques for the culture of 
tubercle bacilli from resected lung tissue. Some groups have kept the specimens 
at 4° C. for indefinite periods of time before taking material for culture. Others 
have used homogenizing procedures and digestion of material with sodium 
hydroxide or sulfuric acid. Hobby and her group washed the homogenate in 
bovine albumin in order to eradicate the “toxic” components of necrotic debris. 

In contrast to these methods, we have utilized a simple and direct approach. 
Immediately following the surgical procedure, the surgeon examined the re¬ 
sected specimen utilizing sterile precautions. Areas of cavitation and nodularity 
were incised and the caseous material was transferred with a sterile loop 
directly to a culture tube slant. A heavy inoculum was used and the entire 
surface of the slant was streaked. The formula of the egg yolk medium which 
v r as used is given in Table II. The streaked slants were incubated at 37° C. 
They were read at weekly intervals and discarded at the end of 8 weeks. 

Tabu: II. Egg Yolk Media 


Fresh egg yolk 100 ml. 

Distilled water 33 ml. 

Sterile glycerine 3.2 ml. 

2 % sterile malachite green 1.3 ml. 


_ Inspissated for one hour at 84° C. _ _— 

This study extended over a period of 6 years, 1952 to 1958. During this 
time 125 patients have had pulmonary resections. There were 89 lobectomies, 
17 wedge resections, 11 segmenteetomies, and 8 pneumonectomies. The patients 
were both private and ward. Because several physicians handled the medical 
care of these patients, their antimicrobial therapy was varied. The surgical 


Table IIIA. Bacteriology op Preoperative Sputa and Resected Specimens 


patients I 

SPUTUM 

| RESECTED SPECIMEN__ 

91 

+ 

+ 

25 

_ 

+ 

5 

+ 

- 

4 

- 

- 

125 


- — 

Table IIIB. 

Dukation of Negative 

Sputum __ 

MONTHS 

1 

NO. of patients _— 

0 to less than 3 


9 

3 to less than 6 


3 

6 to less than 9 


10 

9 to 12 


3 
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management was directed by one of ns (G. J. W.). Of the 125 patients 'who 
were operated npon, 29 bad negative sputa for periods of 1 to 12 months prior 
to resection (Table IIIA, IIIB). Twenty-five of the 29 patients with negative 
sputa proved to have viable tubercle bacilli in their resected specimens and 
form the basis of this report. The surgery performed on these patients con¬ 
sisted of 3 pneumonectomies, 10 lobectomies, S segmenteetomies, and 4 wedge 
resections. The type of lesion found in relation to the surgical procedure 
performed is listed in Table IV. The involvement found at operation ne¬ 
cessitating pneumonectomy in 3 patients cannot be regarded as residual disease. 
These 3 eases are included because the preoperative sputum was negative and 
the resected specimens grew tubercle bacilli. 

Table TV. Correlation of Surgery and Pathology 


SUBGICAL PROCEDURE_ j _NO_j_ CAVITARY _ | NODULAR 


Pneumonectomy 

3 

1 

2 

Lobectomy 

10 

S 

2 

Segmental resection 

S 

2 

6 

"VTedge resection 

4 

i 

3 

Totals 

25 

12 

13 


Four patients had negative sputa prior to operation and culture of the 
resected specimens was negative. The remainder of the group, 96. had positive 
sputa at the time of resection. Resected lung tissue from 5 of these patients 
failed to grow tubercle bacilli. 

The preoperative antimicrobial therapy was either continuous or interrupted. 
Included under continuous therapy were those patients who had pulmonary 
tuberculosis diagnosed on admission and who received continuous antimicrobial 
therapy to the time of resection. All others were classified as interrupted. 
In the 25 patients we are discussing, 15 had received continuous therapy and 
10 had interrupted therapy. The shortest duration of continuous antimicrobial 
therapy was 4 months and the longest 27 months. The average was 11 months. 
These patients all received various combinations of streptomycin, isoniazid, 
and para-aminosalicylic acid. Fifteen patients were on two drugs; 10 patients 
were on three drug therapy. The majority of those on two drug therapy 
received streptomycin as one of the drugs. 

Follow-up data were obtained on every patient in this group (Table Y). 
This information was obtained from either the records of the Eagleville Dis¬ 
pensary or from the patient's physician, sill patients in this series were dis¬ 
charged on antimicrobial therapy. The type and duration of antimicrobial 
therapy was thereafter controlled by the patient's physician. One patient 
‘ *ed of pulmonary insufficiency following resection on the opposite side 1 year 
after the original operation. The only time failure of the group was in an un¬ 
cooperative patient who showed evidence of activation in the lower lobe on 
ie side of the resected lung and positive sputum 5 years following operation. 

Ic . rema ining 23 patients are well, sputa negative, and only 2 are still on 
antimicrobial therapy. 
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xo. or 
PATIENTS 

YEARS AFTER 
RESECTION 

i 

SPUTUM 

ANTIMICROBIAL 
THERA? V 

RESULTS 

1 

s 

- 

Ko 

Well 


7 

- 

i 

Well 

1 

6 

i + 

3 

i 

3 well 

1 spread of disease 

5 

— 

No 

Well 


4 

- 

No 

Well 


3 

- 

No 

Well 



— 

1 

Well 

1 

i 

1 + 

1 

Died 1 year later of 
pulmonary 
insufficiency 

Total 25 






The very high percentage of viable tubercle bacilli obtained from resected 
specimens in tlus series is in contrast to other reported series. We believe 
that two important faetoi’s have led to this result: (1) the transfer of material 
was done immediately by the operating surgeon from the freshly resected 
lung tissue, and (2) the material was neither traumatized by maceration or 
by freezing techniques. 

SUMMARY 

1. In a series of 125 consecutive patients with pulmonary tuberculosis 
who had pulmonary resections, 29 had had negative sputa for a period of 1 to 
12 months prior to resection. 

2. Positive cultures for tubercle bacilli were obtained from the resected 
lung tissue in 25 of these 29 patients. 

3. There were no operative deaths. One patient died a year later follow¬ 
ing a subsequent resection on the opposite side. 

4. The patients have been followed from 1 to 8 year’s postoperative!' ■ 
Twenty-three are clinically well. In all cases the sputa have remained negative. 

CONCLUSIONS 

1. Patients with negative sputum and residual lesions have viable tubeicle 
bacilli in the resected specimens in a high percentage of cases. 

2. Resectional surgery in this type of patient affords a better chance for 
permanent cure. 

REFERENCES 

1. Ryan, B. J., Medlar, E. M., and Welles, E. S.: Simple Excision in the Treatment of 

Pulmonary Tuberculosis, J. Thoracic Surg. 23: 327, 1952. n rV 

2. D’Esopo, N. D.: Current Status of Antimicrobial Agents in tlie Treatment of Puimoi < . 

Tuberculosis, Am. J. Surg. 89: G17, 1955. ' , T . t0 

S. Hobby, G. L., Auerbach, O., Lenert, T. F., Small, M. J., and Comer, J. V.: Tne 
Emergence of M. Tuberculosis in Liquid Cultures of Pulmonary Lesions ties 
From Humans, Am. Rev. Tuberc. 70: 191, 1954. .. j. 

4. D’Esopo, N. D., Bernstein, S., Lee, VV. F., Decker A. M., and Stecnken, 

The Bacteriology of Resected Lesions During Chemotherapy. Tv. Eleventn 
ference on Chemotherapy for Tuberculosis: 230, 1952. 



\o! 40, \o 4 
OctcW, I°60 


CULTURE OF TUBERCLE BACILLI 


505 


5. Hobbv, G. L., Auerbach, O., Lenert, T. F., Small, H. J., and Vaughan, L. H.: The Re¬ 
covery of Tubercle Bacilli From Resected Pulmonary Lesions. Tr. Fourteenth Con¬ 
ference on Chemotherapy of Tuberculosis: ISO. 1955. 

6 Adler, R. H., Mautz, F. A., Jr., Cline. J., and Morse. IV. C.: A Study of the Viability 
of Tubercle Bacilli in Resected Pulmonary Tissue. Tr. Fourteenth Conference 
on Chemotherapy of Tuberculosis, Atlanta. Georgia 14: 172, 1955. 

7. Stewart, S. M., Turnbull, F. W. A., and MacGregor. A. R.: The Influence of Chemo¬ 
therapy on the Bacterial Content of Tuberculous Pulmonary Lesions. Tubercle 37: 
3SS, 1956. 

S. Bell, J. TV.: The Problem of Resection Surgery for Pulmonary Tuberculosis in the 
Xon-Infeetious Patient With Persisting Cayitary Disease, Am. Rer. Tuberc. 74: 
169, 1956. 

9. Wayne, L. G., and Salkin. D.: The Bacteriology of Resected Tuberculosis Pulmonary 
Lesions. 1. The Effect of Internal Between Rerersal of Infections and Subsequent 
Surgery, Am. Rey. Tuberc. 74: 376, 1956. 

10 Hurford, J. V., and Valentine, W. H.: Viable Tubercle Bacilli in Closed Lesions, 
Tubercle 38: 194, 1957. 

11. Heaton, A. D., Russel, W. F. J., Deust, J., and MiddlebrooL, G.: Combined Drug 
Treatment of Tuberculosis. IV. Bacteriologic Studies on the Sputum and Resected 
Pulmonary Lesions of Tuberculous Patients. J. Chn. Inrest. 38: 1376, 1959. 

12 Auerbach, O., Hobby, G., Small. M. J., Lenert. T. F., and Comer. J. 1'.: The Clmico 
pathologic Significance of the Demonstration of Viable Tubercle Bacilli m Resected 
Lesions, J. Thoracic Scp.g. 29: 109, 1955. 

13. Hobby, G. L, Auerbach. O., Lenert, T. F., Small, M. J., and Comer, J.: The Viability 
of Tubercle Bacilli m Healed Tuberculosis Lesions Following Chemotherapy. Tr. 
Thirteenth Conference on Chemotherapy of Tuberculosis: 291. 1954. 

Discussiox 

DR PAUL C. SAMSOX, Lafayette, Calif.—With the adrent of chemotherapy there has 
developed a new classification in tuberculosis, the so called • ‘open negative,'' and I would 
hke to confine my remarks to the open-negative group rather than to the broader series of 
cases which were so ably presented by Dr. Coghlan. 

The reason that I think it is important to keep hammering at this is that our medical 
confreres are feeling their oats a little these dais, and a good many of them feel that if 
they once can get the sputum negative, that that is the answer to the problem, and we per 
* la P~ see less of these patients referred for surgery now than we did even a few years ago 
Therefore, I think it's important to keep emphasizing the fact that with proper 
laboratory facilities and careful techniques, as you have just heard, many of these patients 
tan be proved to contain viable bacilli, and, therefore, in my opinion, resection should be done. 
Dr. Shebart and I renewed a series of cases recently from the V AH Livermore. Our 
figures are similar to Dr. Coghlan’s over a 2 year period. Thirty three cases m a group of 
1-2 consecutive resections satisfied the requirement of ‘ ■ open negative, ’ ’ which means a 
canty presumed or ascertained to be present from the \ ray, and sputum negative for at 
hast 3 months. 

Of these 33, 23 (70 per cent) yielded positive cultures of the resected specimen 
Xow, it’s interesting that several of the cultures of resected specimens were negative 
a t the end of the 3 months. Tliree patients whose cultures of the resected specimens were 
positive had been negative to all clinical means for 12 months prior to surgerv. 

I think this paper is important because of some change in attitude on the part of our 
®edical colleagues. Particularly in patients m the open negative group I believe resection 
s ’onld almost always be done. 

r DR - DAVID V. PECORA. Ray Brook. X. \.—I think when we speak of the open 
u„ative group we should define our terms I do not believe that it represents a homogeneous 
sroup. This group discussed today is certainly not homogeneous, because it has included 
tents who had interrupted therapy, and also therapy of v.irvmg duration. 

II we define the therapy carefully and also the duration, then we can obtain a somewhat 
u *iierent result. 
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We have not encountered a high relapse rate in patients treated with various combina¬ 
tions of streptomycin, PAS, and INH compounds, providing the organisms are susceptible 
and the therapy is continuous and prolonged. Although we attempt to remove cavitary dis¬ 
ease whenever possible, we have not encountered a high relapse rate in those patients who, 
for one reason or another, have not had surgery, provided INII is one of the drugs employed. 

Since January, 1950, we have made baeteriologic studies of 303 lesions resected from 
patients receiving various combinations of streptomycin, PAS, and INII continuously over 
prolonged periods. Our methods of culturing the organisms are similar to those presented. 

Concentrated smears wore positive for acid-fast bacilli in GG per cent of the patients 
who had been sputum negative by culture for G months or less prior to surgery, and G1 per 
cent of those who had negative sputum for more than G months prior to surgery. On the 
other hand, cultures of resected pulmonary tissue were positive for tubercle bacilli in 9 per 
cent of the patients who had negative sputum cultures for 7 months or less prior to surgery 
In no instance did we find a positive culture of tissue in a patient who had negative sputum 
cultures for over 7 months prior to surgery. 


IVe have found no correlation between the incidence of postoperative tuberculosis com 
plications or reactivations and the presence of nonculturable tubercle bacilli in the tissue.. 
We have had no early tuberculous complications and less than 2 per cent late tubercu ou. 
complications in patients who have not harbored culturable tubercle bacilli in the rcscc 
tissues. 


DR. LAWRENCE M. SHEETS, San Antonio, Texas.—Very briefly, I agree emphatically 
with Dr. Coghlan’s conclusions. In 20 to 25 per cent of our resected specimens 
tients who have had a negative sputum for long periods of time, we were able o o 
organisms from the cavities. They are in the wall, thick and hard though it may e - 

Many papers are being presented in today’s literature on the follow-up of open ne = a 
cavities. When the internist figures a relapse rate of 5 per cent, and says that our re ^ ^ 
rate is the same from surgery, what is the point of operating? The point is t m i 
difference in terminology- between open negative cavities and open healed cavities. 



COLON REPLACEMENT OF THE ESOPHAGUS IN CHILDREN 
FOR CONGENITAL AND ACQUIRED DISEASE 

William E. Neville, M.D., and George H. A. Clowes, M.D., 

Cleveland, Ohio 


INTRODUCTION 

I n previous reports, 3 ’ 11 we have presented onr observations in patients 
operated upon for benign and malignant disease, in which segments of the 
colon have been used to reconstruct all or part of the esophagus and stomach. 
Among these the most gratifying results have been obtained in children with 
congenital esophageal defects and corrosive destruction. 2 ’ 3> -> s Heretofore, in 
these patients, the most successful reconstructions of an adequate swallowing 
mechanism have employed anterior, subcutaneous or retrosternal jejunal trans¬ 
plants. 4 ’ 6 ’ T > 14 

The purpose of this paper is to present our operative technique and ob¬ 
servations in children upon whom we have reconstructed the esophagus with 
the colon. 


operative technique 


The operation is performed in one or two stages, depending upon the nature 
and extent of the disease. 

Preoperative preparation consists of restoration of nutritional and chemical 
balance and sterilization of the colon. The latter is prepared for 2 to 4 days 
'nth neomycin (1 gram) even- 6 hr. by mouth or through the gastrostomy tube, 
if this had been inserted for feeding purposes. 

If the entire esophagus is to be reconstructed, the baby is operated upon 
in the supine position. If the child has had a previous esophagostomy, this is 
dissected from the surrounding tissue. The esophagus is exposed in the neck 
through an incision along the anterior border of the right sternocleidomastoid 
muscle (Fig. 1). The strap muscles are divided transversely over the thyroid 
gland. The esophagus is isolated posterior to the trachea just above the manu¬ 
brium and dissected upward. The recurrent laryngeal nerve is identified and 
preserved. 


Two operating teams have been employed. The abdomen is opened through 
a lo »S upper midline incision from the xiphoid to below the umbilicus. The 

Clwi f T < T\r U . 1 - "’estem Reserve University School of Medicine. Department of Surcerv a t 
'-‘t'eland Metropolitan General Hospital, Cleveland 9. Ohio. 1 ’ al 
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entire right colon is mobilized from the eeeum to the hepatic flexure by incising 
its lateral avascular peritoneal attachments. The lesser peritoneal cavity is 
entered midway along the greater curvature and the gastrocolic omentum 
divided to the hepatic and splenic flexures. Thus, the entire colon is mobilized 
from the cecum to the splenic flexure. The ileocolic, right, and middle colic 
vessels are identified. To test the ability of the middle colic artery and vein 
to supplant the circulation of the colon, the right colic artery and vein arc 
temporarily occluded with a bulldog clamp. In the interim the appendix and 
greater omentum are removed. If the circulation appears to be adequate, the 
right colic vessels are divided close to their origin. The proximal end of the 
bowel is transected at the ileocecal valve and the opening in the cecum is closed. 




Fig. 1.—Exposure of the esophagus in the neck. 

The right half of the colon is placed on the chest wall to determine its adequacy 
for esophageal reconstruction. If necessary, additional length can be ob ai 
by further division of the mesentery on the right down to the origin o 
vascular pedicle. A tunnel is created in the anterior mediastinum just P oS 
terior to the periosteum of the sternum from the xiphoid process to the manu 
hvi nm by blunt dissection from below and above. The proximal end of t ,c 
colon is passed into the neck, either in front of or behind the stomach, tluougi 
this tunnel. The latter seems preferable because it offers additional 
and the duodenum is not compressed by the vascular pedicle. To widen 1 
thoracic inlet it may be necessary to remove a Y-shaped segment from the uppe 
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sternum. Having determined that the eeeum will reach the neck without com¬ 
promising its blood supply, the colon segment is isolated by dividing the trans¬ 
verse colon. Thus, the entire segment is suspended upon a vasculai* pedicle 
comprised of only the middle colic artery and vein (Pig. 2). The cervical 
esophageal colon anastomosis is performed, end-to-end, with two or three layers 
of interrupted fine silk. If the distal esophagus is not resected at this time, a 
catheter is inserted into this section and brought out through a stab wound to 
create a mucus fistula. Simultaneously, an opening is made on the anterior 
wall of the stomach and the distal end of the colon is anastomosed to tills 
organ. Either a pyloromyotomy or a pyloroplasty may be performed. A tube 
gastrostomy, if not already present for preoperative feeding, is created to de- 



Uolated colon segment suspended on a vascular pedicle of the middle colic arterv and 

\em 


compress the stomach in the early postoperative period. It may then be used 
for subsequent feedings until such time as the patient is able to eat normally. 

iis maneuver obviates the necessity for an indwelling nasogastric tube. The 
continuity of the lower gastrointestinal tract is established with an end-to-end 
mocolostomy. 


Lesions within the thorax above the aortic arch are approached through ; 
n " lt thoracotomy and upper midline incision. The colon segment, is deliverer 
into the chest through an opening in the diaphragm anterior to the liver ant 
I> aecd along the anterior aspect of the right hilum. 
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Intrathoracic esophageal lesions below the aortic arch are approached 
through separate left abdominal and thoracic incisions. The diaphragm is 
transected from the hiatus outward. In this situation it is not necessary to 
mobilize the right colon. The transverse colon is usually of sufficient length 
to substitute for the resected esophagus. Following resection of the lesion, the 
proximal end of the bowel is passed into the left chest. The isoperistaltic 
esophagocolon anastomosis of the resected esophagus and the entire area are 
replem-alized. The opening in the cardia is closed and the distal end of the 
colon is anastomosed to the stomach anteriorly. A colocolostomy, pyloroplasty, 
and tube gastrostomy complete the operative procedure. 


CASE REPORTS 


Case 1 .—Stricture of the lower esophagus following ingestion of corrosives. 

J. S., a 6-year-old boy, was admitted to University Hospitals on Oct. 19, 1953, shortly 
after sw allowing muriatic acid. An emergency tracheotomy was performed because of 4® 
culty in breathing. He was placed on cortisone and antibiotics. A barium swallow 1 week 
after admission demonstrated a stricture at the lower end of the esophagus and pyloric 
obstruction. Bougienage of the esophagus was successfully carried out but the pyloric ° 
struction persisted. Resection of the distal end of the stomach was performed on Dec. i 
1953, a Billroth I type of procedure being performed. Despite repeated esophageal d' a a 
tions, dysphagia and vomiting persisted. Neuropsychiatric therapy was instituted because 
of absence of roentgenographic evidence of pyloric obstruction. Narrowing of the is a 
end of the esophagus was repeatedly evident by x-ray study and esophagoseopy. On sev« 
occasions it was necessary to remove a bolus of food from the esophagus. In June, ^ 
x-ray studies of the esophagus and stomach showed 90 per cent gastric retention at t,ie cn 
of G hours. He was admitted to St. Alexis Hospital where revision of the gnstroduodenostoni) 
was done on July 1, 1955. The lower end of the esophagus was definitely narrowed, 
there appeared to be normal passage of barium through tills area. Following this, lie wa 
relieved of his symptoms only temporarily. On July 7, 1956, he was admitted to Clerean 
Metropolitan General Hospital* for resection of the esophagus. Boentgenograms shovre 
persistent narrowing of the lower end of the esophagus with an adequate gastrouuo 
stoma. On July 12, 1956, the lower end of the esophagus was resected and the transver-^ 
colon interpolated in an isoperistaltic manner between the esophagus and the stomach. 1 
postoperative course was relatively uneventful. Tube feedings were begun on the sevei 


postoperative day and oral feedings on the tenth day. He was discharged on 


the sixteenth 


postoperative day at which time he was eating a normal diet. The gastrostomy tube w 
removed just prior to his leaving the hospital. Since then he has been completely ns'inp 
tomatic. X-ray studies 1 year later at the Cleveland Clinic were normal. At the P Te “ c ^ 
time he can eat everything without discomfort or diarrhea. He weighs 58 pounds an 
56 inches tall. 


Case 2 .—Stricture of lower esophagus. f 

R. hi., a 5-year-old boy, was admitted to the hospital on June 20, 1957, comp laming o 
difficulty in swallowing. His mother stated that he had swallowed lye 2 years previous^ 
The subsequent stricture had been treated with frequent bougienage in another citj. 
was his first episode since the family had moved to Cleveland. X-ray studies of the esophagus 
showed narrowing at the lower end. On esophagoseopy, the scope could not be passed tIiroU ^ 
the strictured segment. Dilatation was unsuccessfully attempted. He was operated up 
oa j ucc 26, 1957. The left thorax was opened through the eighth interspace. The diaphragm 

•Formerly Cleveland City Hospital. 
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was incised from the hiatus to the costal margin. The lower end of the esophagus was re¬ 
sected from the level of the inferior pulmonary vein down to the stomach. The distal trans¬ 
verse colon was easily delivered into the chest after dividing the gastrocolic omentum and 
freeing the splenic flexure. The colon was divided proximally and distally and a pie-shaped 
segment with its attendant blood supply was interpolated between the cut end of the esophagus 
and the stomach. The colon was reunited and a gastrostomy completed the procedure. His 
postoperative convalescence was uneventful. The gastrostomy tube was removed before his 
discharge on the twenty-second postoperative day. 

Postoperative symptoms of abdominal cramps and diaxrliea occurred but disappeared 
within 8 weeks. Since that time he has been entirely asymptomatic. 


Case 3. —Delayed reconstruction of esophagus in tracheoesophageal fistula with atresia. 

Baby F was operated upon July 22, 1954, at the age of 4 days, for a tracheoesophageal 
fistula with atresia. After ligation of the fistula, the lower end of the esophagus was re¬ 
sected. A feeding gastrostomy and cervical esophagostomy were performed. 

On Aug. 22, 1955, an anterior mediastinal colon transplant was performed. With the 
baby in the supine position, the abdomen was opened through a long upper midline abdominal 
incision. The colon was mobilized from the cecum to the splenic flexure. It was transected 
proximally and distally after the existence of length adequate for esophageal reconstruction 
had been determined. The cervical esophagostomy was dissected free and a tunnel created 
in the anterior mediastinum just posterior to the periosteum of the sternum. The proximal 
end of the colon segment which was suspended on a pedicle of the middle colic artery and 
vein was passed through the mediastinal tunnel into the neck. An esophagocolostomy and 
cologastrostomy were performed concomitantly. A colocolostomy reunited the lower bowel. 

His postoperative course was uneventful except for the development of a cervical fistula. 
This healed readily and he was eating normally at the time of his discharge. On Dec. 15, 
1955, he was admitted to the hospital because of difficulty in swallowing. It was obvious 
that there was a stricture at the esophagocolostomy but, because of severe diarrhea and an 
elevated temperature, a revision of the anastomosis was postponed. On December 18, the 
infant suddenly became cyanotic and dyspneic which necessitated an emergency exploration 
of the neck. The dilated esophagus which was adherent to the skin was entered first. The 
colon was markedly narrowed at the thoracic inlet. The stricture was manually dilated with 
a clamp until an adequate opening was obtained. The esophagus was closed and a trache¬ 
ostomy performed. The convalescence was uneventful. 

In June of 1957, another episode of complete obstruction occurred. A bolus of food 
was removed from the cervical esophagus and the stricture again dilated. Subsequently, on 
° separate occasions, bougienage of the narrowed segment has been performed. In the past 
year and one half this has not been necessary. At the moment, the child eats everything 
without experiencing dysphagia. He is 46 inches in height and weighs 45 pounds. 


Case 4. —Stricture of the entire esophagus. 

B. S., a 30-month-old Negro male child, was admitted to Cleveland Metropolitan General 
Hospital on Nov. 20, 1950, because of persistent regurgitation of 2 weeks’ duration. No 
bistory of ingestion of corrosive material could be obtained from the mother. Barium 
swallow on Nov. 23, 1956, revealed two areas of narrowing of the esophagus, one at the 
endportion and the other 2 cm. proximal to the cardia. Esophagoscopy on Nov. 27, 1956. 
^monstrated narrowing of the lumen at 3 cm. The mucosa appeared reddened and friable. 
* v aUCmpt " iTas made t° pass the esopliagoscope beyond this level, but a biopsy was obtained 
' l<dl su bsequently proved to be chronic inflammatory tissue. Several hours following this 
procedure, the baby developed crepitation of the neck. A roentgenogram of the chest re- 
ra e< subcutaneous emphysema and a pneumomediastinum. A superior mediastinotomy and 
, D feeding gastrostomy was performed immediately, nis recovery was uneventful except 
or aspiration on 120 c.c. of straw-colored fluid from the left hemithorax. 

Bcca Z 0 ? 055 . X ' ra - V studies £towed persistent narrowing of almost the entire esophagus, 
nsc of this, a two-stage operative procedure was considered, primarily to intercalate °the 
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colon between Hie normal esophagus in the neck and the stomach through a mediastinal tunnel 
without opening the chest, and subsequently to resect the remaining esophagus via a right 
thoracotomy. 

He was operated upon on Jan. 30, 1957. With the child in the supine position the 
esophagiis was exposed in the neck through an incision along the anterior border of the right 
sternocleidomastoid muscle. A A^-shaped segment of the sternum'was removed to increase the 
anterioposterior diameter at the thoracic inlet. This maneuver allows the colon to he dis¬ 
placed into the neck without constriction at this level. The esophagus was transected at the 
level of the manubrium and a small catheter inserted into the distal end in an attempt to 
create an external mucus fistula. This was brought out through a stab wound lateral to the 
original incision. Through a separate abdominal incision, the colon was mobilized in the 
usual manner. The cecal end was transplanted into the neck through a mediastinal tunnel 
and an end-to-end esophagoeolostomy performed, 2 cm. below the inferior pharyngeal con¬ 
strictor muscles. The distal end of the viable colonic segment was anastomosed to the 
stomach and a pyloroplasty was performed. An end-to-end ileocolostomy established lower 
intestinal continuity. His postoperative course was satisfactory. X-ray examination of the 
esophagus on March 26 demonstrated narrowing of the esophagoeolostomy. 

He was readmitted to the hospital on March 26, 1957, because of difficulty in swallwuig. 
Oral ingestion of barium showed an area of narrowing at the level of the seventh cervical 
vertebra, with no delay in the passage of barium. Attempt at bougienage was unsuccessful 
and for this reason a revision of the anastomosis was undertaken. Following this, a fistula 
developed which closed in 12 days. lie was admitted again on Aug. 5, 1957, with the same 
symptoms. A second revision of his esophagoeolostomy was carried out, only this time the 
entire suture line was resected and a re-anastomosis performed with three layers of s> ■ 
Dilatations of this anastomosis were carried out at intervals to preclude the development o 
another stricture. 

On June 30, 1958, through a right thoracotomy, the markedly cicatrized esophagus "a- 
resected from the cardiac junction to the thoracic outlet. His convalescence was entire v 
uneventful and he was discharged in good condition on July 12. 

He was last seen in the Pediatric Out-Patient Department on April 27, 1959. 1 

weight was 43^4 pounds, a gain of 5 pounds in 6 months. The hemoglobin was 12- J S ranis 
with total proteins of 6.4, with albumin of 4 and globulin of 2.5. He had no difficult) in 
swallowing. 

Case 5 .—Delayed reconstruction for esophageal atresia. 

Baby M was first seen July 1, 1957, at the age of 18 months. His mother stated thf 
he had been operated upon in Germany at the age of 5 days because he could not swa 
Although the original operative record is not available, the fact that the child had a ce ” ^ 
esopliagostomy and a feeding gastrostomy suggest that he had a tracheoesophageal 
with atresia. From observation and physical examination, it was obvious that the 
had received excellent care. Except for the esophageal opening in his neck, a we ‘ ^ 
right thoracic incision, and a gastrostomy tube protruding from the left upper quae ra » 
other abnormalities were detected. He weighed 22 pounds and his state of nutrition^j^ 
good. A recent blood count showed a hemoglobin of 13 grams, hematocrit of 40, a s ^ 
protein, level of 6.9, with an albumin of 4.2 and a globulin of 2.7. Since the parents 
anxious that something be done to restore a swallowing mechanism as soon ns possi ‘ 
since examination disclosed no reason for delay, lie was admitted to the hospital for ope . 

on July 11. nli( p 

AVith the child in the supine position, the abdomen was opened through, an upper 
line incision. The ascending and transverse colon were mobilized to the splenic ficMire. ^ 
right colic artery was temporarily occluded to determine if the middle colic artery ^ 
ensure viability of the cecum. The bowel was transected first at the ileocecal June i , 
opening in the colon closed, and the appendix removed. The right colic artery and vein 
divided close to their origin when it was obvious after 10 minutes of occlusion tna 
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RESULTS AND COMPLICATIONS 

To date the colon lias been used to reconstruct all or part of the esophagus 
an stomach in 46 patients for benign or malignant disease. Five of these 
patients are children who have been followed from 2 to 4 years following 
colonic implantation. As depicted in Table I, 3 infants had a colon trans¬ 
plant subsequent to corrosive destruction and 2 for esophageal atresia. All are 
alive and well at the present time. 


Table I. Results and Complications 


lesion 


OPERATIVE PROCEDURE 


1 . Tracheoesophageal 
fistula with atresia 


COMPLICATIONS 


2 . Tracheoesophageal 

fistula with atresia 

3. Corrosive destruction 

of entire esophagus 


4. Corrosive destruction 
of the lower 
esophagus 


5 . Corrosive destruction 
of the lower 
esophagus 


Anterior mediastinal 
colon transplant 


Anterior mediastinal 
colon transplant 

Anterior mediastinal 
colon transplant 


Resection of lower 
esophagus; intra- 
thoracic replacement 
with the transverse 
colon 

Resection of lower 
esophagus; intra- 
thoracic replacement 
with tlie transverse 
colon 


Cervical fistula subse¬ 
quent stenosis requir¬ 
ing revision and dila¬ 
tation; no dilatation 
in the past 1% years 

Angulation with stenosis 
which responded to 
dilatation 

Cervical fistula; stenosis 
requiring revision and 
dilatation; no dilata¬ 
tion in past 6 months 

Abdominal cramps and 
diarrhea which abated 
within 2 months 


Early abdominal cramps 
and diarrhea 


FOLLOW-UP 

( mus) 

4 


0 


2Vi 

3 


2 


In the 2 children in whom the colon was transposed into the neck through 
an anterior mediastinal tunnel, an anastomotic leak occurred. A subsequent 
stricture ultimately developed which necessitated revision and dilatation. This 
is compaiable with our experience for high esophageal anastomosis in patients 
operated upon for carcinoma. In those patients in whom a cervical fistula 
developed in the early postoperative period, even though this healed readily, 
a stricture ensued which necessitated either revision or dilatation. 

In colonic substitution of the lower esophagus, the complications have been 
of relatively short duration and have required no further operations. Diarrhea 
and abdominal cramps have been an early complaint. In 1 boy these persisted 
for nearly 6 months. During the interim, he was investigated thoroughly at 
another clinic with negative results. The symptoms are related to the ingestion 
of food and appear to be some type of gastrocolic reflex. This same symptom 
complex has been observed in patients following esophagogastrectomy for 
carcinoma. 
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DISCUSSION 

Although the majority of the colon transplants have been performed in 
our patients for carcinoma. 1 ’ 19 * 1T with satisfactory palliation, the operation 
per se has far wider applicability in children and adults for benign conditions 
which impair passage of food through the esophagus. The problem of reconsti¬ 
tuting an adequate permanent swallowing mechanism in infants with congenital 
atresia or chemical cicatricial fibrosis has concerned many surgeons. 

The colon has many advantages over the stomach and the jejunum. The 
blood supply is excellent. Due to the anatomic distribution of the marginal 
arteries, a segment of viable bowel can be mobilized from the cecum to the 
descending colon if the middle colic artery and vein are left intact. The 
mucosa is resistant to acid peptic digestion as attested clinically by esopha- 
goscopy and postmortem microscopic examination in patients dying of disease 
up to 30 months following implantation. 10 Experimentally, the colon trans¬ 
plants in dogs sacrificed up to 9 months showed no evidence of ulceration even 
though regurgitation was common because of the horizontal position of the 
animal. 9 

AVe have been particularly impressed by its length in babies and children. 
This is due to the redundancy of the transverse colon and the presence of a 
thin pliable mesentery. Thus, it is an ideal esophageal substitute in congenital 
atresia or corrosive strictures when long segments are involved. 

Although revision and dilatation of the strictured cervical anatomosis was 
necessary in the 3 children who had an anterior mediastinal colon transplant, 
they can eat in a normal manner at the present time. It is apparent that, 
when a cervical fistula develops, the resultant cicatrix will invariably narrow 
the esophagus sufficiently to cause difficulty in swallowing. When this occurs, 
an early excision of the suture line with a secondary end-to-end anastomosis 
^ recommended. Angulation of the esophagocolon segment in the neck can be 
prevented by having the colon lie in a redundant position. In this manner the 
pharyngoesophagus will not be stretched in a posteroanterior direction around 
the trachea. 

Our original concern over the ability of this colon segment and accompany¬ 
ing vessels to lengthen with the growth of the child has been dispelled. Fre¬ 
quent x-ray examination lias demonstrated that the substitute esophagus 
elongates, commensurate with the growth of the child. Fluoroscopically, regular 
contractions are evident which propel the bolus along the transplanted colon 
stomach. This, together with a normally placed stomach below the 
diaphragm, accounts for the excellent nutrition of the infants. None of the 
patients with high esophagocolostomies exhibits any evidence of colitis or 
gastritis. The infants in whom the lower esophagus was replaced with the colon 
me no regurgitation and esophagitis is completely absent. In addition to 
irequent x-ray evaluation of the esophageal substitute, their general nutritional 
s "itus is catalogued by weight gain and blood counts. Except for 1 child, who 
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experienced some gastrointestinal difficulty for 6 months, the weight gain in all 
patients has been progressive. Hemoglobin, red blood count and serum pro¬ 
teins have all been within normal limits. 

SUMMARY 

1. The technique for reconstruction of the esophagus in infants with 
corrosive destruction and congenital atresia is described. 

2. The results and complications in 5 children closely followed from 2 to 4 
years are presented. 

3. The rationale of using the colon in preference to the jejunum or stomach 
is presented, combined with our experience in 46 patients operated upon for 
malignant and benign disease. 

4. The fact that these children are growing in a normal manner and have 
no apparent difficulties attest to the fact that the colon can serve as the esophagus 
both entirely or in part. 
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COARCTATION OF THE ABDOMINAL AORTA 

Ake Senning, Al.D., and Lennart Johansson, ALD., Stockholm, Sweden 


A fter the first successful operation for coarctation of the aorta by Crafoord 
. in 1945, aortic surgery has advanced at a tremendous rate. In addition to 
the usual localization in the isthmus of the aorta, a coarctation may be present 
at any site along the whole course of the vessel. Coarctation of the abdominal 
aorta is of particular interest, in mew of its relation to the celiac, mesenteric, 
and renal arteries. Altogether 29 such eases have been described earlier. 1 "- 1 ’ 

The coarctation consists either of a stricture involving a segment of varying 
length, or of hypoplasia of the distal part of the aorta. In 6 of the cases re¬ 
ported in the literature, the aorta was hypoplastic. The stenosis started supra- 
renally or at the level of the renal arteries in 16 patients, and was situated 
infrarenally in 11. 

The pathogenesis of coarctation of the abdominal aorta is unknown. In a 
case described by Glenn and liis associates, 12 Recklinghausen’s disease was 
present, and caused strangulation of the aorta by neurofibromatous tissue, a 
situation similar to that found in 1 of our patients. 

In the cases reported, the incidence seems to have been the same in both 
sexes. In 10 patients who died of the disease, the average age was 34 years. 
Coarctation of the abdominal aorta thus seems to be as serious as coarctation 
in the isthmus. 

Clinically, infrarenal coarctation is characterized by signs of arterial in¬ 
sufficiency, with intermittent claudication, accompanied by moderate hyper¬ 
tension. Suprarenal coarctation produces the same clinical features as those 
of coarctation of the isthmus, that is, marked hypertension in the upper part of 
the body, headache, dizziness, and precordial pain. The femoral artery pulse 
>s faint or impalpable. Signs of overloading of the left side of the heart are 
found, and there is a systolic pressure gradient between the aorta above and be¬ 
low the stenosis. Signs of an increased collateral circulation are sometimes 
present. A systolic murmur is often audible in the abdomen over the stenosed 
area. No clinical signs of an impaired blood flow through other organs than 
the kidneys—for example, the liver, pancreas or intestines—have been described. 
A definite diagnosis is established by aortography, with injection of contrast 
medium into the aorta proximal to the stenosis. 

Pew accounts of surgical treatment of coarctation of the abdominal aorta 
ere fou nd in the literature. Sympathectomy was undertaken in 4 cases, with 

t'U^ct F mockholm. C Siv^Tc C n r l tS ° C Thoracic Sur cerj" Experimental Surgery. Karolinska SJuk- 
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experienced some gastrointestinal difficulty for 6 months, the weight gain in all 
patients has been progressive. Hemoglobin, red blood count and serum pro¬ 
teins have all been within normal limits. 

SUMMARY 

1. The technique for reconstruction of the esophagus in infants with 
corrosive destruction and congenital atresia is described. 

2. The results and complications in 5 children closely followed from 2 to 4 
years are presented. 

3. The rationale of using the colon in preference to the jejunum or stomach 
is presented, combined with our experience in 46 patients operated upon for 
malignant and benign disease. 

4. The fact that these children am growing in a normal manner and have 
no apparent difficulties attest to the faet that the colon can serve as the esophagus 
both entirely or in part. 
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COARCTATION OF THE ABDOMINAL AORTA 

Ake Penning, M.D., and Lennart Johansson, AI.D., Stockholm, Sweden 

A fter the first successful operation for coarctation of the aorta by Crafoord 
■ in 1945, aortic surgery has advanced at a tremendous rate. In addition to 
the usual localization in the isthmus of the aorta, a coarctation maj r be present 
at any site along the whole course of the vessel. Coarctation of the abdominal 
aorta is of particular interest, in view of its relation to the celiac, mesenteric, 
and renal arteries. Altogether 29 such cases have been described earlier. 1 * 2 '’ 29 '* 1 
The coarctation consists either of a stricture involving a segment of varying 
length, or of hypoplasia of the distal part of the aorta. In 6 of the cases re¬ 
ported in the literature, the aorta was hypoplastic. The stenosis started supra- 
renally or at the level of the renal arteries in 16 patients, and was situated 
infrarenally in 11. 

The pathogenesis of coarctation of the abdominal aorta is unknown. In a 
case described by Glenn and his associates, 12 Recklinghausen’s disease was 
present, and caused strangulation of the aorta by neurofibromatous tissue, a 
situation similar to that found in 1 of our patients. 

In the cases reported, the incidence seems to have been the same in both 
sexes. In 10 patients who died of the disease, the average age was 34 years. 
Coarctation of the abdominal aorta thus seems to be as serious as coarctation 
in the isthmus. 

Clinically, infrarenal coarctation is characterized by signs of arterial in¬ 
sufficiency, with intermittent claudication, accompanied by moderate hyper¬ 
tension. Suprarenal coarctation produces the same clinical features as those 
of coarctation of the isthmus, that is, marked hypertension in the upper part of 
the body, headache, dizziness, and precordial pain. The femoral artery pulse 
is faint or impalpable. Signs of overloading of the left side of the heart are 
found, and there is a systolic pressure gradient between the aorta above and be¬ 
low the stenosis. Signs of an increased collateral circulation are sometimes 
present. A systolic murmur is often audible in the abdomen over the stenosed 
area. No clinical signs of an impaired blood flow through other organs than 
the kidneys—for example, the liver, pancreas or intestines—have been described. 
A definite diagnosis is established by aortography, with injection of contrast 
medium into the aorta proximal to the stenosis. 

Few accounts of surgical treatment of coarctation of the abdominal aorta 
mcjVmnd in the literature. Sympathectomy was undertaken in 4 cases, with 

^fOt F S°wkholr^ C Sn r e t d , en ntS ° f Thoracic Sur ^ ery “d Experimental Surgery. Karolinska SJuk- 
Kecetvcd for publication Nov. 30. 1959. 


517 



518 


SENNING- AND JOHANSSON 


J Thoracic and 
Card iotas Surg 


no appreciable effect. 3 ’ 12 ’ IS > 25 In 3 patients with signs of unilateral renal 
damage, nephrectomy was performed. One patient died, and the condition of 
the others remained unchanged. 3 ' 7i s 

When the renal arteries were not involved in the stenosis, a bypass opeia 
tion has been performed. Glenn and his colleagues 12 used the splenic artery, 
after splenectomy, for bypass of a short stenosis directly proximal to the celiac 
artery. Beattie 5 and Gerbasi 11 and their co-workers performed aoito aortic b)- 
pass with insertion of an homologous vessel graft. 

Resection of a membranous stricture between the celiac artery and the lenal 
arteries, with good results, v as reported by Gustavino and Becu. 15 Albanese and 
Baila 2 performed infrarenal resection of the aorta but the patient died post- 
operatively of anuria. 

An account of 3 cases of coarctation of the abdominal aorta in which opera¬ 
tion was performed follows 


CASE REPORTS 

Case 1.—The patient was a 12 jear old girl alio had had dizziness, headache, ana hiper 
tension in the upper part of the bodj since 10 3 ears of age. The femoral artery '' as 
impalpable on either side. The heart mas enlarged, with left ventricular hypertrop 7- 
Aortography showed a 0 cm. long coarctation of the abdominal aorta, involving the region 
the celiac and superior mesenteric arterj’ and both renal arteries. Distal to the coarctation, 
the aorta was of normal width. 

Operation was performed in May, 1957, under In potheiraia (28° C .). 10 A thoraco 
abdominal incision was made at the level of the eighth thoracic vertebra, and the aorta a 2 ’ 
dissected out retropentoneaUy. The stenosed, fibrotically hard, aortic wall was surroun t 
by abundant periadventitial tissue. This tissue was remoied fiom around the aorta and 
origin of the large vessels, and the lattei became strongly dilated At the origin of « 
renal aitenes, their diameter—which was 3 to 5 mm before opeiation—was increase 
6 to 8 mm. after dissection. The aorta was split lengthwise for 8 cm from slightly above 
stenosis to slightly below it A strip graft,as pointed at both ends, of freeze dried homo 
ogous vessel material was sutured into this incision. In view of the patient’s age and « 
pected growth, the prosthesis was made 30 per cent larger than the current requircmi 
Postoperative aortography showed that the diameter of the stenosed segment had mcrea 
from 4 to 5 mm. to 20 mm. and that the vessels given off fiom it were of normal wi 
(Fig. 1). 

Operation produced a fall m blood pressure in the upper part of the body from 200/130 
to 135/100 mm. Hg, and a rise m the lower part of the body from 125/? to 170/ 
mm Hg. Both femoral artery pulses were distinctly palpable. The heart volume was 
creased Renal function, evaluated by creatinine, para-ammohippurate and mulm clearance 
was normal, as before operation. At the time of writing (1 Y« years after operation) 
patient is asjmptomatic 

Case 2.—A 25 3 ear-old man with Recklinghausen’s disease was found, at 14 3 ears 
age, to have arterial hypertension at a routine examination. He had no cardiovascular s) 
toms. He had the same t 3 -pe of coarctation of the abdominal aorta as the preceding pa ' c ^> 
and was operated upon in the same way. A knitted Dacron prosthesis was used as a g 2 
In this case, the aorta and the origin of the large vessels given off from it were surroun^ 
by abundant, highly differentiated ganglioneurome tissue. InfrarenaUy, the aorta appsn 

somewhat 113 -popIastie. ianeiO/120 

The arterial blood pressure in the upper part of the body, which was 180 ' 

mm. Hg before operation, fell to 150/80 mm. Hg after it. However, as can be seen 
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Fig. 2.—Case 2. Postoperative aortography. There is partial 
artery 2 cm. from its insertion in the aorta, as well as 2 aneurysms 
The aorta is somewhat hypoplastic distal to the coarctation. 
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postoperative aortogram (Fig. 2), a stricture was present in one renal artery, and two 
aneurysms in the other. Moreover, owing to hypoplasia of the aorta, a s\ stolic pressure 
gradient of 25 nun. Hg between the thoracic aorta and the femoral artery was still present 
after operation. The para-aminohippurate and inulin clearance were the same pre- and post- 
operatively, and renal function was normal in other respects. The patient is asymptomatic 
and fully fit for work. 

Case 3.—The patient was a 40-year-old woman with arterial hypertension (2S0/I40 
mm. Hg). Both femoral artery pulses were faint. Aortography showed coarctation at the 
level of the diaphragm and slightly above it. Distal to the stenosis, the aorta was occluded 
by calcium deposits beyond the level of the renal arteries. Infrarenally, the aorta was hypo¬ 
plastic. Operation consisted of an aorto-aortic bypass with a Dacron graft. The aortic 
wall proximal to the stenosis was arteriosclerotic and friable. A knitted Dacron prosthesis 
was sutured end-to-side into the aorta, 10 cm. above the diaphragm. The aorta was split 
lengthwise at the level of the renal arteries, up to beyond the superior mesenteric artery. 
The calcium deposits in the aorta were removed, to allow free passage to the renal and 
superior mesenteric arteries and relatively good passage to the celiac artery. When the 
Dacron graft, with its distal end cut obliquely, was sutured end-to-side into the aortic in¬ 
cision, the aorta became widened locally (Fig. 3). 

Operation, produced a. fall in blood pressure from 2SQ/14Q to 135-175/110 mm. Hg. 
The femoral artery pulses were stronger. Renal function was normal both before and after 
operation. 

DISCUSSION 

Coarctation of the abdominal aorta is a relatively rare disease; only 25 
1 cases have, in fact, been reported during the past 10 years. The prognosis 
seems to he comparable to that in coarctation of the aortic isthmus, and the 
indications for operation seem to he the same. The diagnosis is established by 
aortography, with injection of contx-ast medium into the descending aorta above 
the stenosis. 

In those cases in which the renal ai’teries are not involved in the coarcta- 
hon, surgical treatment presents no great problems. Organs supplied with blood 
from the large vessels given off from the abdominal aorta other than the kidneys 
manage by means of collaterals only, with no clinical signs of hypoxia. In such 
cases, a simple bypass operation can be perfonned. Tliis has been done earlier, 
"hli successful l-esults, in 5 cases l-epoi-ted in the literature. In 1 case, l-esection 
could he pex-formed. 

When, on the other hand, the renal ai’teries are involved, the primary aim 
>s to ensure a good blood supply to them. In (the present) Cases 1 and 2, dilata- 
'i°n of the renal arteries, at their origin from the stenosed aorta, was acliieved by 
joeing them from periadventitial and adventitial tissue. The coarctation was 
mu widened by splitting the aorta lensrthwise, and inserting a strip-graft from 
behind. 

In Case 3, the renal arteries were given off from the slightly hypoplastic 
amta distal to.the coarctation, and intra-aortie calcifications, which impeded 
passage of blood to the renal arteries among other vessels, were also present 
ista to the coarctation. An aorto-aortic bypass with a graft was therefore 

onnw \- The distal end of the graft was cut very obliquely and sutured into 

ongitmlinal incision in the aorta, extending from above the superior mesenteric 
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artery to distal to the renal arteries (see Fig. 3). When calcified material inside 
the aorta at the level of the renal arteries and superior mesenteric arteiy had 
been removed, the distal end of the graft was sewn into the incision. This re¬ 
sulted in local widening of the aorta, and ensured good passage of blood to the 
renal arteries. 

The blood pressure fell postoperatively in all 3 patients; in Cases 1 and 3 
it fell appreciably, whereas the fall was fairly moderate in Case 2. This patient 
still lias a stricture of one renal arteiy, and two aneurysms of the other. 

It has not been possible to establish whether a special renal factor exists, 
which influences the rise in blood pressure. Renal function was normal both 
pre- and postoperatively in all 3 eases, and no significant difference in renal 
blood flow took place. 

Since all 3 patients are subjectively healthy postoperatively, it appears that 
operation is to be recommended. In most, eases of coarctation of the abdominal 
aorta, a bypass operation, performed as in Case 3, would presumably improie 
the patient’s condition, even if tlie aorta is hypoplastic distal to the renal 
arteries. In those cases in which the coarctation involves the region from above 
the celiac arteiy to just distal to the renal arteries, the strip-graft technique 
seems to be the method of choice. It relieves the stenosis, and increases the 
blood flow to the kidneys, as well as to the pancreas, spleen, and other organs. 

SUMMARY 

An account is given of 3 patients with coarctation of the abdominal a or a 
operated upon through a thora co-abdominal incision, and retroperitonea 
mobilization of the aorta. In 2 cases a strip-graft technique was used, and, m 
the third ease, aorto-aortic bypass was performed. The results were good in a 
3 eases. 
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which consists of the circumferential dissection of the root of the aorta and 
isolation of the coronary vessels allowing for the placement of an external 
ligature at the level of the annulus, passing below the left and just above the 
light coronary artery. Controlled plication should diminish or abolish re¬ 
gurgitation without impingement on the coronary vessels or production of out¬ 
flow obstruction. The degree or amount of narrowing is easily determined by 
means of continuous pressure recordings from the left ventricle and aorta. After 

AORTIC INSUFFICIENCY 


NORMAL 

VALVE 

CLOSED 



RHEUMATIC 

CUSPS 

DESTROYED 




proper placement of the ligature, constriction is carried to that point where 
die diastolic pressure enters the normal range without production of a systolic 
gradient across the aortic valve area. The simplicity of this procedure is further 
enhanced by the ready accessibility of the aortic root through a median 
•sternotomy which avoids the violation of either pleural cavity. 

The case report which follows is a description of the first clinical appliea- 
tmn of this technique. 

CASE ItEI'ORT 

J ° n •' l[a - v 1 1 19 A a 59 -year-old white inan was admitted to St. Joseph’s Hospital for 
• ‘ meat of intractible heart failure secondary to aortic insufficiency of syphilitic origin. 
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D espite the numerous operations proposed for the correction of aortic in¬ 
sufficiency, no single procedui'e lias yet evolved which can he effectively 
and safely applied to the majority of patients in need of assistance. Among 
the various methods advanced to date, the most widely accepted is the technique 
of Ilufnagel for the placement of a unidirectional how valve in the descending 
aorta. When properly done, this operation affords significant palliation and 
may be a lifesaving measure in selected cases . 1 Unfortunately, this method has 
serious limitations, exclusive of the operative mortality, as the relief in diastolic 
reflux is incomplete and at the expense of coronary filling. The indications for 
this and other operations of a similar nature are not well established and arc 
beyond the scope of this presentation which is a description of a simple and safe 
means for the correction of aortic insufficiency of syphilitic origin. 

The majority' of operations for the alleviation of aortic insufficiency : '' |C 
based on the assumption that the aortic valve cusps have been irreparably 
damaged. This is generally correct with the exception of insufficiency <>f 
syphilitic origin . 2 The standard textbooks of pathologj r describe the events lea - 
ing to regurgitation as beginning with the spirochetal invasion of the tunica 
media in the ascending aorta which subsequently undergoes fusiform dilata¬ 
tion . 3 The retrograde extension of this process causes the valve annulus to 
enlarge symmetrically and functional insufficiency begins with the failure of the 
valve cusps to eoadapt . 2 Progressive regurgitation increases the diastohe 
capacity of the ventricle with further annular widening, and the fatal cycle 
is established. The valve cusps undergo fibrotic changes with some nodular 
thickening and the adjacent aortic wall shows intimal thickening which may 
cause narrowing of the coronary ostia . 4 This latter change is said to he the 
cause of the anginal syndrome with eventual myocardial failure. To ascertain 
the effect of these changes on valve function, a number of syphilitic hearts were 
studied and it was apparent that the cusps had suffered little loss of motility 
and the coronary ostia were only slightly nan-owed. These observations formed 
the basis of a new concept for treatment of aortic insufficiency, which consists 
plication of the aortic annulus rather than the use of substitute valvular pros¬ 
thesis. A study of fresh hearts demonstrated the feasibility of this approach 

From the Cardiopulmonary Laboratory and the Department of Surgery, Creighton Memo¬ 
rial, St. Joseph’s Hospital, Omaha, Nebr. 
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Intensive cardiac treatment with digitalis and diuretics failed to alter the downhill course 
and the patient required continuous osygen therapy. 

Phvsical evaluation revealed a blood pressure of 220/0 mm. Hg in both arms vith all 
the classical signs of extreme aortic regurgitation manifest in the peripheral^ pulses. 
There was a massive precordial heave with extreme eardiomegalv. A Grade 5 aortic 
diastolic murmur was present with a soft short systolic blow. Cardiac fiuoroscopv re¬ 
pealed a linear calcification of the aortic arch with a large heaving left ventricle. The 
electrocardiogram showed left ventricular lij pertrophy and strain. 

Despite the extreme djspnea, the patient's chief complaint was the constant 
pulsatile body motion which shook the bed with each heartbeat. 

On Mav 2d, surgical consultation was secured in order to consider the insertion of 
a Hufnagcl valve. This approach was rejected because of the intractable heart failure. 
However, as death was imminent it was elected to undertake plication of the aortic an¬ 
nulus. 

Surgery, carried out on Map - 2d, consisted of isolation of the aortic root through a 
median sternotomy. On opening the pericardium, the left ventricle and ascending aorta 
were found to be massively enlarged. The coronary vessels and the right heart rvere 
not abnormal. A direct pressure from the brachial artery was 220/10 mm. Hg. Catheters 
placed in the aorta gave an identical reading and left ventricular pressure averaged 210- 
200/13-10 mm. Hg. Pressures taken by cuff over the left brachial artery were identical 
to the aortic pressure. The base of the annulus was directed circumferentially and an 
umbilical tape was passed along this tract coursing below the left or posterior coronary 
artery and above the right. Progressive narrowing of the tape ppas caried out until the 
diastolic pressure reached 40 mm. Hg. The systolic pressure fell simultaneously from 220 
to 140 mm. Hg. After securing the knot, a second and a third tape ppere passed over the 
«ame tract and narrowed until the diastolic pressure reached Vi-70 mm. Hg. At this 
point, the systolic reading was 120 mm. Hg in the aorta and left p-entricle (Fig. 2). 
The=e pressures were considered an endpoint, having restored a normal blood pressure 
without producing an aortic stenosis. The patient’s condition remained good throughout 
the entire procedure and no arrytlimias rvere noted. The sole alarming feature was the 
post-plication appearance of the aortic root which was reduced to normal size at the valve 
hut massively dilated above this point. This abrupt transition in caliber was ac¬ 
companied by a systolic thrill which was not present before surgery and doubtless repre¬ 
sented the turbulent change in a post-stenotic dilatation. In this instance the stenosis 
did not represent physiologic obstruction. 

The postoperative course was complicated by a minor wound disruption but other- 
' n 'ise was uneventfuL The diastolic murmur was no longer heard but was replaced bv a 
Mft systolic component. All signs of heart failure rapidly disappeared as did the pulsatile 
odv motion. For this last relief, the patient was most grateful. On release from the 
ospital, brachial pressures averaged 140/80-00 mm. Hg. Five months later, pressures 
a.emged 160-140/85-75 mm. Hg. The patient is free of all signs and symptoms of heart 
nre and has not received any cardiac therapy since leaving the hospital. X-ray studies 
0V| a significant diminution in the cardiac silhouette, although some left ventricular 
vpertrophy remains. The electrocardiogram has undergone a marked change; there is 
0 ' of the strain pattern, although some left heart hypertrophy is apparent. 


summary 

The pathologic abnormality resulting in aortic regurgitation secondary to 
^... c aor titis does not necessarily involve a loss of valve substance or cusp 
1(10 1 lty ^ ut > rather, consists primarily of a dilatation of the aortic annulus. 

Restoration of valvular competence is best accomplished by plication of the 
annulus rather than the use of valve prothesis. 
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The initial diagnosis of neurovascular syphilis had been made 10 years previously, at 
which time active antisyphilitic therapy was carried out. Examination revealed bilateral 
primary optic atiophy with neurogenic bladder and an aortic insufficiency of moderate 
degree in a compensated myocardium. The first symptoms of left ventricular failure did 
not appear until 6 months before hospitalization. At that time, medical therapy was 
begun with marked symptomatic relief until 1 month before admission when nocturnal 
dyspnea developed with anasarca and other signs of advanced congestive heart failure. 
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THE EFFECT OF TOTAL BODY PERFUSION UPON 
CARDIAC OUTPUT AND VASCULAR RESISTANCE 

Howard Roweu, AID.* Peter Vi/es. M.D.* and Jay L. Ankeney. M.D., 
Cleveland, Ohio 


INTRODUCTION 

H ypotension usually follows extracorporeal perfusion in animals and is also 
observed in patients. Previous work from this laboratory 1 demonstrated 
that decreased peripheral flow and vascular resistance play a part in this 
post-perfusion decrease in systemic pressure. As a continuation of this study, 
the following experiments were carried out in order to determine the relative 
roles of cardiac output and total body vascular resistance in hypotension follow¬ 
ing cardiopulmonary bypass. 

METHODS 

Healthy mongrel dogs, weighing between 14.0 and 19.5 Ivg., were anesthe¬ 
tized with intravenous tliiamylal, 12.5 mg. per kilogram. Following intubation, 
respiration was maintained with an intermittent positive pressure respirator 
using room air. The left chest was opened through the fifth intercostal space, 
Ho. 20 Fr. catheters were inserted into the venae cavae, and the left femoral 
artery was cannulated. Heparin, 12 mg. per kilogram, was given intravenously. 
The descending aorta was cross-clamped for less than 2 minutes and a Gregg- 
type rotameter 7 was inserted just distal to the left subclavian artery. The 
brachiocephalic and left subclavian arteries were cannulated and connected 
to the distal limb of the rotameter in such a way that the cerebral blood supply 
was never completely interrupted. Thus, the entire cardiac output was directed 
through the flow meter, with the exception of coronary flow. Mean arterial, 
central venous, and left ventricular pressures were measured with strain gauge 
transducers and recorded simultaneously with electrocardiogram and cardiac 
output on a photographically recording oscilloscope. The rotameter was cali¬ 
brated until blood from the extracorporeal system at the conclusion of each 
experiment. 

Total vascular resistance was calculated by dividing the mean aortic 
pressure in millimeters of mercury by the cardiac output in cubic centimeters 
Per min ute and multiplying the dividend by 100. 

e-rm cSS? Hosp^b^o ? 1 Cl^eLnyOhio eSCrVC Uni ' ersit >- Scl ' 0o > °f “me. and 
ork supported by a ^rant from the Cle\ eland Area Heart Society. 
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A simple and safe technique for annular plication is described, together with 
a summary of the first clinical application with this method. 

addendum 

The patient was examined 13 months after the operation. His condition remains 
excellent. 
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INTRODUCTION 

H ypotension usually follows extracorporeal perfusion in animals and is also 
observed in patients. Previous work from this laboratory 5 demonstrated 
that decreased peripheral flow and vascular resistance play a part in this 
post-perfusion decrease in systemic pressure. As a continuation of this study, 
the following experiments were carried out in order to determine the relative 
roles of cardiac output and total body vascular resistance in hypotension follow¬ 
ing cardiopulmonary bypass. 


METHODS 


Healthy mongrel dogs, weighing between 14.0 and 19.5 Kg., were anesthe¬ 
tized with intravenous thiamylal. 12.5 mg. per kilogram. Following intubation, 
respiration was maintained with an intermittent positive pressure respirator 
using room air. The left chest was opened through the fifth intercostal space, 
Ko. 20 Fr. catheters were inserted into the venae cavae. and the left femoi’al 
artery was eannulated. Heparin. 12 mg. per kilogram, was given intravenously. 
The descending aorta was cross-clamped for less than 2 minutes and a Gregg- 
type rotameter 7 was inserted just distal to the left subclavian artery. The 
brachiocephalic and left subclavian arteries were eannulated and connected 
to the distal limb of the rotameter in such a way that the cerebral blood supply 
was never completely interrupted. Thus, the entire cardiac output was directed 
through the flow meter, with the exception of coronary flow. Mean arterial, 
central venous, and left ventricular pressures were measured with strain gauge 
iransducers and recorded simultaneously with electrocardiogram and cardiac 
output on a photographically recording oscilloscope. The rotameter was cali¬ 
brated with blood from the extracorporeal system at the conclusion of each 
experiment. 

Total vascular resistance was calculated by dividing the mean aortic 
pressure in millimeters of mercury by the cardiac output in cubic centimeters 
Per minute and multiplying the dividend by 100. 
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Mean Aortic Pressure 

Total Vascular Resistance = -Cardiac Output x 100 ‘ 

This abbreviated Poiseuille’s equation yields a number which indicates relative 
degrees of vascular resistance. Since a linear relationship between pressure 
and resistance does not obtain, 5 resistances were compared at equal pressures 
for purposes of accuracy. 

Cardiac output was recorded and total vascular resistance calculated at 
various arterial pressures before and after a 30-minute pre-perfusion control 
period. Similar measurements were made after a 30-minute perfusion period. 
Arterial pressures were varied during these experimental periods by adding 
or removing blood from the animal. 

Cardiopulmonary bypass was carried out utilizing 100 per cent oxygen in a 
rotating disk oxygenator, previously primed with 2,500 e.e. of freshly drawn, hep¬ 
arinized blood. Five animals were perfused at rates of 100 c.c. per kilogram per 
minute (high flow group) and 5 animals at rates of 50 c.c. per kilogram per min¬ 
ute (low flow group). Since blood lost from the operative field was returned to 
the extracorporeal circuit, by comparing the pre- and post-perfusion circuit 
volume, the amount of blood lost or pooled by the animal was determined. 

Venous and arterial blood samples were drawn at the beginning and end 
of the perfusion period and analyzed for packed cell volume, pH, oxygen 
and carbon dioxide content. Oxygen and carbon dioxide content were determined 
by the method of Van Slvke and Neill, 10 and carbon dioxide tension was 
calculated using the normogram of Van Slyke and Sendrov. 11 


results 


Detailed data obtained in individual animals during the various experi-. 
mental periods are reported in Table I (cardiac output and arterial pressure) 
and in Table II (total vascular resistance). These tables may be referred to 
for specific data but the results are summarized in Tables III through V and 
b'ig- 1. Since cardiac output, aortic pressure, and total vascular resistance 
did not change significantly during the pre-perfusion control period in any 
°f the ten experiments, they were combined and listed as a single control 
group in Fig. 1 and the tables summarizing the results. 

In all 10 animals, hypotension followed extracorporeal perfusion (Table 
)• In the high flow group, the average pressure fall was from 85 mm. Hg 
efore perfusion to 63 mm. Hg following perfusion. In the low flow group, 
tie average pre-perfusion pressure was 85 mm. Hg, falling to 56 mm. Hg 
immediately after perfusion. 


Cardiac output (Table IV) in the high flow group fell from a pre-perfusion 
m e of 940 to 535 and in the low flow group from 940 to 365 c.c. per minute in 
6 lram ediate post-perfusion period. The decreases in pressure and output as 
a iesu t of bypass are statistically significant as indicated in Tables III and IV. 

Hes ? ble ^ sh ° WS tlle effeet of Perfusion upon total body vascular resistance, 
contr ‘] nee , dld not ellan o e significantly in the high flow group as compared to 
VipIaJ 3 ^ ' But on tbe other hand, resistance was significantly reduced 

control levels following low flow perfusion. 
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Table II. Per Cent Change in Resistance Followixg Control and Perfusion - Periods 


High Plow Group 
(100 c.c./Kg./min.) 


Low Flow Group 
(50 c.c./Kg./min.) 


Mean ± S.D. 

Mean ± S.D. 

(combined experiments) 

'Standard deviation. 



% change 

IN RESISTANCE 

EXrT. 

CONTROL 

POST- 

xo. 

period 

PERFUSIOX 

176 

- 1 

+82 

178 

+23 

+33 

1S5 

+42 

+24 

1SS 

- 9 

•=■25 

189 

+26 

-36 


+16 + 20 

+26 ± 15 

179 

— 7 

-30 

180 

+ 3 

-36 

181 

+ 9 

-48 

1S3 

— 

— 

186 

+12 

-30 


+4 ± S 

-32 ± 3 


+11 ± 17 


Table III. Effect of Perfusion on arterial Pressure 


pressure (mm. Hg)_ 


COMBINED CONTROL PERFUSION 


BEFORE | AFTER | BEFORE 


High Flow 85 + 11 

p < 0.001 

79 + 9 S5 + 10 

Low Flow S5 + 11 £ 

_ p < 0.002 


Table IV. Effect of Perfusion on Cardiac Output 


High Flow 
Low Flow 


combined control 


BEFORE I AFTER 


S30 + 370 


CARDIAC OUTPUT (C.C./MIN.) __ 


perfusion _ 


AFTER | BEFORE I AFTER_ 

940 ± 315 535 + 290 

p < 0.02 

830 ± 355 

940 + 345 SSo ± 16a 

_ p < 0.001 


Table V. Effect of Perfusion on Total Vascular Resistance 


High Flow 

Low Flow 


% CHANGE IN TOTAL, VASCULAR RESISTANCE 


CONTROL PERIOD POST-PERFUSION_ 


, +26 ± 45 

+11 + 17 < 0.003 

/ 

-32 ± 3 
tt ^ n.nm 
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A graphic presentation of the effect of perfusion upon cardiac output, 
aortic pressure, and total vascular resistance is shown in Fig. 1. This graph 
c-learly shows, as indicated above, that there is a significant fall in aortic 
pressure and cardiac output following either high or low flow cardiopulmonary 
bypass. Total vascular resistance on the other hand, rises somewhat (not 
significantly) following high flow perfusion, but falls following one-half hour 
of perfusion at 50 c.c. per kilogram. This graph also demonstrates that during 
the 30-minute period of observation before perfusion, the animals were all 
quite stable. 


EFFECT OF PERFUSION ON AORTIC PRESSURE, 
CARDIAC OUTPUT, AND TOTAL VASCULAR RESISTANCE 



LOW FLOW GROUP ED 
Fig 1 


Both groups of animals were comparable as regards pH. arterial and 
venous oxygen saturation, arterial carbon dioxide tension, and hematocrit 
at the end of perfusion. Eight of 10 dogs pooled blood during perfusion, the 
high flow group tending to pool more blood than the animals in the low flow 
group. In no experiment was there a significant elevation of central venous 
Pressure or left ventricular end diastolic pressure. 


discussion 

1'revious measurements of resting cardiac output in closed chest dogs 
ia\ e ' leeu in the range of 100 c.c. per kilogram per minute. 4 - 0 In our ex¬ 
periments, cardiac output was measured in anesthetized animals prepared for 
cardiopulmonary bypass and was found to be in the range of 50 c.c. per 
' ogram per minute. This latter figure is comparable to cardiac output in 
open heart preparations reported elsewhere, 2 - 4 - °- s and can probably be ex- 
_ amed by loss of negative intratlioraeie pressure 3 and the trauma of surgery, 
DC Udmg l3lood loss, catheters in the venae eavae. and vascular reflex changes! 
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Hypotension followed perfusion in all 10 animals and was primarily due 
to a decrease in cardiac output. This decreased cardiac output could he the 
result of (1) myocardial failure or (2) a decreased effective circulating blood 
volume. Cardiac failure did not appear to be a factor, since at no time was 
there any elevation of left ventricular end diastolic or central venous pressure. 

Therefore, a decreased effective circulating blood volume was probably 
responsible for this diminished cardiac output. Consistent with this conclusion 
is the fact that all animals responded to transfusion of small amounts of 
■whole blood by increasing cardiac output and aortic pressure toward control 
levels. This diminished blood volume is not the result of external blood loss 
but is probably^ due to the fact that the animals pooled sizeable quantities 
of blood during perfusion. This blood absorbed by a perfused animal must be 
sequestrated in inaccessible vascular pools. Work in progress in our laboratory 
indicates that the liver is one of the sites for this blood sequestration.* 

Decreased post-perfusion total body vascular resistance also contributed 
to hypotension in the low flow group whereas the animals perfused at their 
estimated resting cardiac output (100 c.c./Kg./min., high flow group) were 
able to maintain their vascular resistance. There were no differences in body 
temperature, pH, arterial or venous oxygen saturation or arterial carbon 
dioxide tension between the high and low flow groups to account for this fall 
in resistance. 

The results of these experiments have definite clinical application. Fust, 
the fact that low perfusion flow rates result in a loss of vascular tonus em 
phasizes the importance of maintaining as high a perfusion rate as possible 
during cardiopulmonary bypass. Furthermore, these experiments show that 
hypotension following cardiopulmonary bypass is a result of decreased cardiac 
output due to a diminished effective circulating blood volume. With this 
experimental evidence in mind, we have found that, following total cardw 
pulmonary bypass, it is often necessary to discontinue perfusion with a positi' c 
blood balance in order to maintain an adequate systemic pressure. In f flC 1 
if hypotension is present, blood is given to the patient until the right atrium ap 
pears to be slightly distended. In almost every' instance, the infusion of addi 
tional blood results in maintenance of a normal systemic pressure and adequate 
cardiac output. If the pressure does not respond to this additional volume o 
blood before the atrium becomes too distended, vasopressors are then indica c 
We have not found it necessary to use vasopressors to maintain s.vstemic P* cs ' 
sure in the last 100 clinical cases. 

SUMMARY 

l Cardiac output, aortic, left ventricular and venous pressures v elC 
measured during 30 minutes of control and after a half-hour period of extia- 
eorporeal bypass in animals. 


•To be published 
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2. In 5 a nim als (liigli flow group), arterial perfusion rate was 100 c.c. per 
kilogram per minute and, in 5 animals (low flow group), the rate was 50 c.c. 
per kilogram per minute. 

3. Hypotension and decreased cardiac output followed perfusion in all 
animals. 

4. This hypotension and decreased cardiac output are probably due to a 
decreased effective circulating blood volume as a result of blood pooling. 

5. Perfusion rate of 50 c.c. per kilogram per minute resulted in a decrease 
in total body vascular resistance, but resistance remained unchanged following 
high flow perfusion rate. 

6. The results of these experiments emphasize the importance of maintain¬ 
ing high flow rates and explain the rationale for maintaining a positive blood 
balance following extracorporeal bypass. 
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autogenous oxygenation with cardiac bypass, 
hypothermia , and an atrioventricular clamp 

Mar j b H. Holt, B.S., Fidel Macalalad, M.D., and F. John Lewis, M.D., 
Chicago, III. 


r l 1 HE recent rebxrth of interest in autogenous oxygenation with bypass during 
eaidiae surgery is the natural product of a desire to achieve the ideal 
method of cardiac isolation. 

We have used autogenous oxygenation with rapid cooling to allow card! 
otomy at low temperatures while perfusion is stopped 12 and now present a 
method that permits eardiotomy during autogenous oxygenation without in¬ 
terruption of perfusion. This system depends upon the use of a clamp which 
interrupts blood flow at the atrioventricular level. 

There have been a number of other attempts in the past to use autogenous 
oxygenation for intracardiac surgery. In 1950, Sirak 13 employed experimental 
left atrial eannulation with a diaphragm occlusion of the mitral valve to pro¬ 
vide a bloodless left ventricle. Since then numerous investigators, notably 
Potts, 10 Wesolowski, 14 Cohen, 4 Campbell, 3 Read, 11 and more recently Blanco, 1 
Mustard, 9 Helmsworth, 7 Sliields and Lewis, 12 and Drew 5 - 6 and their associates 
have attempted to utilize the natural medium of oxygenation for open-heart 
suigery. Their results have varied considerably, with the most consistent 
pioblems involving left atrial drainage, pulmonary edema, the need for intra- 
eatdiac catheters, and difficulties in producing dry intraventricular fields. 

Our present study on this subject was directed toward further perfection 
of the technique of bilateral cardiac bypass and determination of the maximum 
safe period of ventricular ischemia with the use of a special atrioventricular 
clamp, profound hypothermia, and autogenous oxygenation. 


materials and methods 

A total of 50 adult mongrel dogs, whose average weight was 30 pounds 
(13.6 Kg.), were subjected to cardiac bypass under Sodium Pentothal (27-5 
mg./Kg.) anesthesia and artificial ventilation with 100 per cent oxygen. 

Thoracotomy was performed through the fourth left intercostal space and 
after heparinization (2 mg./Kg.), eannulations shown in Pig. 1 were carried 
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out. The pulmonary artery was eannulated approximately 1.5 cm. distal to 
the pulmonary valve using a double purse-string suture and a 16 Fr. catheter 
(Fig. 2). The right and left atria were eannulated via the auricular ap¬ 
pendages using 24 Fr. Bardie catheters with multiperforated steel inserts (Fig. 
4 ,d). A14 to 16 Fr. catheter was inserted in the femoral artery. 

On completion of the bypass, 100,000 units of penicillin was injected into 
the free pleural cavity. A chest tube drainage was used for 2 to 3 hours. Post- 
operatively, intramuscular injections of 100,000 units of penicillin were given 
daily for 3 to 4 days. 



tion - Atrioventrirj2*1!'°-' vs cannuIated heart during total bypass and ventricular isola- 
SrOOYe - Femoral artery ^nnula ilTnottfXreJ. 11 ^ ^ tr “ ets ° n atrial Eide ° f A ' V 


vere " 0 ^ den tical pump bypass iunts, s similar to those described previously, 12 
Ltioft TlSG v 3 ^' Sealed P ]astic ba ? reservoirs were used instead of open 
simn] 6 , nders ' Tlle distensibility of the plastic bags allowed the use of a 
pumt) ( ; T ™ e det . ector whic]l activated a relay system to operate the blood 
1 9 , thus providing semi-automatic control which permitted the use of a 

were bl °° d T ° lume (6 °° c c ) ' De Bake F Sigmamotor pumps 

whole IL ,,7 PUmp ^ was P limed ^ tb 300 e.c. of fresh heparinized 

neutralized b per . liter) ’ F °Uowing the bypass, the heparin was 

heparin Aven ^ 7T US ° f Pol - vbrene d “S- ** each milligram of 

i m given prior to bypass). 

the 3nd rewarming was accomplished by 

each pump circuit^ I", ° f SteudeSS ^ tubin ^ “terposed, one in 

voter (450 ’ P § ° f “^“e-water solution (0° C.) followed bv warm 
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The 35 remaining experiments were conducted using a Brown-Sealy blood 
heat exchanger 2 which cooled either the systemic or pulmonic circuits. The 
temperature of tills device was regulated by the circulating fluid of an Auto- 
therm* machine. This device integrates electronically the subject’s temperature 
with a variable desired tempei’ature to cause the circulating fluid to cool or 
warm the subject to the desired temperature. The minimum cooling fluid 
temperature was 6° C., while the maximum wanning temperature was 44° C. 
Rewarming was aided by use of a Therm-O-Rite blanket at 46° C. 



Fig. 2.—Drawing 1 which shows steps in cannulation of pulmonary artery. 
a, Double-stranded purse-string suture in pulmonary artery. clamp is 

1?, After hemostat traction on pulmonary artery adventitia, a Beck aorta-type ^ anti 
applied to isolate purse string in pulmonary artery. An arteriotomy is then made as 
the cannula is inserted. . » s jj e d 

c, One strand of purse string is tied to anchor cannula. Remaining purse string 
following removal of cannula to close arteriotomy with negligible stenosing. 

In several experiments the pleural cavity was irrigated with cold (61° ^ 
C.) saline to accelerate the cooling rate and to provide local heart cooling. 

Isolation of both ventricles was achieved by occlusion of inflow and on 
flow tracts. The inflow occlusion was simple and by allowing uninterrup c 
filling of the atria could be continued during ventriculotomy or aortotomy. 
inflow occlusion was accomplished by applying tension to a rubber tube 
within the transverse cardiac sinus and attached at one end to a metal bar v 
was in contact with the atria posteriorly in the oblique sinus. The free en 


•Autotherm Corp., West Los Angeles. Calif. 
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of the rubber tube was then anchored in a notch in the metal bar, resulting in 
complet e occlusion of the atria on the atrial side of the coronary sulcus without 
serious limitation of the atrial capacities (Fig'. 4, b and c). 

Following - inflow occlusion, the ascending aorta was cross-clamped with 
a clamp of the Blalock type. The pulmonary artery was occluded proximal 
to the catheter with a rubber-tipped glass tube umbilical tape tourniquet. A 
right ventriculotomy was performed in all eases to ascertain the effectiveness 
of the inflow clamp. 



Fig”. 4. — a, Rubbed-sleeved compression atrioventricular clamp. 

b, Rubber tube traction atrioventricular clamp. 

c, Clamp b applied around atria. 

d, Atrial cannula with multiperforated metal insert. 


Atrial occlusion was accomplished when the heart temperature was 


below 


25° C. in the hypothermia experiments. Re warming was started 10 to 1 
minutes before occlusion was released. 

In the group of 6 normothennic dogs, cardiac a west was obtained b> 111 
jeeting potassium citrate solution (4 dogs) or acetylcholine (2 dogs) proximo 


to the aortic clamp. , ^ 

Monitoring catheters were routinely inserted into the femoral artery a 
vein and left atrium for direct pressure readings. Temperatures of the rectum- 
heart, esophagus, circulating blood in the bypass and Autotlierm fluid wei 
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recorded. Plow rates of bypass pumps and amounts of blood and saline given 
during the procedure were also recorded. 

Blood samples were drawn for control studies, following the cooling stage, 
before discontinuing the bypass, and 2 to 3 hours post operatively. Plasma 
hemoglobin and pH studies were performed on each sample. In 40 per cent 
of the experiments, hematocrit, CO.. pCO : , O. content and per cent of 0 2 
saturation determinations were taken. 

Dogs surviving over 1 week were considered long-term survivors. All dogs 
were autopsied and specimens were taken for histologic studies. 


results 

The 50 experiments were divided into five groups according to the length 
of ventricular isolation and the blood circuit used for temperature control. The 
groups of experiments were done in sequence, A through E. The results are 
summarized in Table I. 

Table I 


GROUP 


1 

A | 

B | 

c 1 

» 1 

E i 

| TOTAL 

Time isolation 
(min.) 

30 

30 

45 

45 

60 


Total length 

56 min. 

42 min. 

75 min. 

64 min. 

76 min. 


°f bypass 

43-02 

39-4S 

64-So 

56-72 

67-S5 


Circuit cooled 

Both 

Normothermic 

Systemic 

Pulmonic 

Systemic 


Number of dogs 

15 

6 

11 

7 

11 

50 

Technical 

deaths 

0 

1 

0 

2 

O 

5 

2 4-hour sur¬ 
vivors 

11 (74%) 

5 (100%) 

S (73%) 

4 (S0%) 

3 (33%) 

31 (70%) 

7-day survivors 

10 (67%) 

3 ( 60%) 

S (73%) 

2 (40%) 

1 (H%) 

24 (53%) 

Average heart 
temp, during 
cooling 

16° C. 

32° C. 

19° C. 

20° C. 

20° C. 


Average ar¬ 
terial pres¬ 
sure during 
bypass 
(mm./Hg) 

82 

100 

79 

SO 

73 


Average per¬ 
fusion rate 
(c.c./min./ 

_5g-) 


90 

00 

70 

50 



It will be seen that the mortality was similar at 30 and 45 minutes of 
ventricular isolation, with an increase in mortality as 60 minutes of isolation 
"as reached. Thirty minutes of cardiac isolation with this system was tolerated 
quite weU even at normal temperature, but 60 minutes resulted in a high 
o ahty rate even with hypothermia added. This may simply indicate that 
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wo had readied the limit at which cardiac recovery from ischemia was im¬ 
possible. In most cases, perfusion of llic rest of the animal seemed adequate. 

Results of the 50 experiments will be described in the following five cate¬ 
gories : 


1. Deaths. —The live technical deaths in this study resulted from pump or 
respirator failure. Primary findings in nontechnical deaths were C hemothorax, 
5 shock, 5 pulmonary complications, 2 neurologic complications, and 3 un¬ 
determined. Over half of the deaths from hemorrhage and shock were in the first 
group during procedure development and in the 60-minute occlusion group. 
Those succumbing to pulmonary complications were in the normotliermic and 
pulmonary cooling groups. 

2 . Pathology .—The most consistent gross pathologic features seen in the 
autopsied hearts were organized atrial thrombi along the line of clamp com¬ 
pression in 8 of the 24 long-term survivors and myocardial ecchymosis along 
the same line in most short-term survivors. These findings were especially 
marked in the atria clamped with parallel rubbcr-slccvcd metal bars (Fig- h <0 
which were used in the early experiments. 

Other findings among long-term survivors included myocardial abscesses m 
4 dogs, four empyemata, and three single lobe atelectases. Death apparently 
due to pneumonia in 1 dog was the only known instance of fatality from uv 
fection. All 5 dogs in Group B (normotliermic occlusion), showed a transition 
of diffuse red hemorrhagic to brownish discoloration of the ventricular m>° 
cardium, depending upon the length of survival. 

Hind limb paralysis was noted in 2 short-term survivors. The prjmaiy 
cause of death was not determined. 


Histologic study of sections taken through the area of atrial compression 
revealed fibrous organization in the regions of subendocardial ecchymosis. h" pl > 
lung, and kidney sections showed no consistent, pathology and did not help 111 
determining the cause of unexplained deaths. 

3. Blood Pressure .—-Venous and atrial pressure recordings indicated that 
adequate drainage of both atria can be accomplished with a resultant ar ein 
pressure compatible with life. 


Venous (inferior vena cava) pressures showed a consistent pattern. 


Fol- 


' ' 111(1 

lowing occlusion, the pressure would rise approximately 4 cm. of saline an 
then slowly return to normal or often 3 to 4 cm. below on termination of |C 


bypass. 


Pulmonary artery pressures were taken in several instances in Group A an, l 


did not exceed 25 nun. Ilg during occlusion. 

Results of left atrial pressure monitoring indicated that the grimO 
drainage was adequate, since there was seldom more than a 5 cm. saline pves s m ( 
increase during occlusion period. On numerous occasions the pressure fel "•' 
low normal, especially during Hie last 15 minutes of occlusion in the 45 ' a "‘ c 
GO-minnlc groups. A potential hazard was seen in the occasional occuiTcne 


Vol. 40, No. 4 
October, I960 


AUTOGENOUS OXYGENATION 


543 


of a negative left atrial pressure following release of occlusion. In such situ¬ 
ations we felt tlie avoidance of air embolism from a loosely fitting catheter was 
accomplished by using a double looped 1-0 silk suture tied around the atrial 
appendage and its contained catheter with an internal supporting metal insert 
(Figs. 1 and 4, d). 

The arterial pressure pattern was quite similar in all experiments except 
the normothermic group. There was a 20 to 30 mm. Ilg pressure drop during 
the cannulation period. A further 30 to 40 nun. Ilg drop was seen during the 
first 5 minutes of the bypass -with cooling. The pressure would then rise in 
response to fluid administration and would remain reasonably constant for 15 to 
25 minutes, depending upon whether saline or blood was given. Thereafter, 
there would be a gradual downward progression only momentarily reversed by 
fluid administration. This pattern would continue until the warming phase 
was begun, after which the pressure would rapidly return to the early bypass 
level. Following release of the occlusion clamps the pressure would again fall 
precipitously until a partial bypass was established after a regular heartbeat 
was reinstated by electroshock. In all experiments, the need for fluid was de¬ 
termined by depression of blood pressure below 60 mm. Ilg. On discontinuing 
the bypass, the pressure was usually 40 to 50 mm. Ilg below the normal pre¬ 
operative level. The 6 normothermic dogs maintained a near postcannulation 
pressure during the entire bypass with a momentary depression following 
occlusion. 

4. Blood Studies .—The results of blood studies are seen in Fig. 5. Gas 
studies were performed with a Van Slyke apparatus. Gas exchange and pH 
maintenance were satisfactory in all groups with the few exceptions mentioned 
below. Plasma hemoglobin levels did not reach excessive levels. 

The widest fluctuation of pH was in Group C (45-minute occlusion) which 
was also the group with the highest survival rate. In this group, an average 
pH value of 7.64 was found following the 30-minute cooling period and 7.24 
2 to 3 hours postoperatively. Postoperative acidosis was also evident in Group 
H and was severe (7.13) in the lowest survival group (E). No attempt was 
made to correct the pH other than by anticipatory variation of the respiratory 
rate. 

Plasma hemoglobin values followed the expected linear relation to the 
length of the bypass. In only one group (E), with an average bypass length of 
<G minutes, did the mean value exceed 100 mg. per cent. In contrast, Group C, 
m yldck bypass averaged 75 minutes, showed less than 100 mg. per cent. The 
' ar mble in these two groups was an additional 15 minutes of cooling with myo¬ 
cardial ischemia in Group E. 

Blood gas studies were unfortunately performed only in Groups A, C, and 
• diminution of both venous and arterial volume per cent CO = was seen in 

a groups except the postoperative samples in Group C, which showed marked 
elevations. 

Satisfactory 0 2 saturation was obtained in all eases except in the post 
operative samples from Groups C and D. Group C showed a marked venous 
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anoxia of 42 per cent 0 2 saturation with an acceptable arterial saturation of 
88 per cent. Group D bad a similar venous value with a markedly reduced 
arterial value of 66 per cent, indicating a danger in pulmonary cooling. 

5. General Observations .—A dry ventricular field was obtained in all in¬ 
stances as shown by a bloodless right ventricle following cardiotomy. An 
aortotonry was performed in several early experiments which showed, after 
initial evacuation, a dry-aortic valve and left ventricle. 


AUTOGENOUS OXYGENATION 

Blood Studies 

Group A B C D E 



Pulmonary edema, as determined by endotracheal aspiration was seen m 
only 2 experiments; once following acute hemoi-rhage during cannula rem °'^ 
and once after a 3-minute period of severe shock due to pump failure e 
hypothermic induction. Both cases were in the pulmonary cooling group ™ 
the animals received large amounts of blood (500 c.c.) and saline (1,000 c.c.J 

combat their shock. . . 

The heart was seen to fibrillate and pass rapidly into hypothermic m 
at 22 to 25° C. during cooling. On rewarming, fibrillation occurred at - 
30° G. and would become quite strong above 30° C. following release o 
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occlusion clamps. Defibrillation •was accomplished with a 0.2 second 115 volt 
intermittent, shock. The period of time required for defibrillation generally 
varied directly with the length of the occlusion period and seldom exceeded 2 
minutes. 

Three of the 4 dogs in Group B (normothermic), receiving potassium 
citrate for cardiac arrest, reverted to normal sinus rhythm following release of 
occluding clamps 1111110111 requiring defibrillation. The 2 remaining dogs in this 
group, haring received 200 mg. of acetylcholine, fibrillated during the first 10 
minutes of the ventricular isolation period before arrest intervened. De- 
fibrillating shocks were necessary to restore normal sinus rhythm after occlusion 
release. Electrocardiograms were taken post operatively in several early experi¬ 
ments and revealed no alteration of the atrial conduction system. 


DISCUSSION 

The described bypass technique could be used for surgery of the ventricles, 
including outlet valves, coronary arteries, and ventricular septum below the 
endocardial cushion. Surgery of the remaining portions of the heart can be 
performed using a somewhat similar procedure developed in the same laboratory 
by Shields and Lewis 12 which involves profound hypothermia and circulatory 
arrest. Drew 5 has successfully applied tliis procedure clinically. 

One of the outstanding features of tliis bypass technique is the small (600 
c.c.) extracorporeal blood volume required. This minimizes the need for special 
blood preparations and, in some instances, the bypass priming blood could be 
drawn from the patient immediately before surgery. 

Our closed system of bypass circuit eliminated much of the air embolism 
hazard ever present with heart-lung units and open circulation systems. Blood 
gas exchange was obviously not a problem. 

The use of hypothermia avoided the danger’s and difficulties incident to 
chemical cardiac arrest. The hazards of cardiac malfunction during hypo¬ 
thermia were avoided by partial bypass support during the cooling and re- 
warming stages. 

Table II compares several of the more recent experimental studies on 
autogenous oxygenation. 


Table H. Experimental Autogenous Oxygenation Studies 


author 

Cohen & LilleheP 
Blanco et art 
Mustard et art 

Helmsvorthet art 

Brew et art, e 

Shields Sc Lewis 1 - 
wit and Lewis 




LENGTH 




LENGTH 

CARDIAC 



NUMBER 

BYPASS 

ISOLATION 



OF DOGS 

(MEN.) 

(min.) 

TEMPERATURE 

CAEDIOTOMT 


oo 

13 

15 

52 

17 

55 

45 


’Total circulatory arrest. 


10-30 

30 

30-40 

30 

? 

30-35 

40-S5 


<30 

none 

<30 

<30 

20-45* 

(6 dogs) 

10-50* 

30-60 


normothermia 
normothermia 
normothermia 
normothermia 
S-15° C. 


< 20 ° 

15° 


5 atria 
rt. ventricle 
rt. ventricle 
rt. ventricle 


11 ventricles 
rt. ventricle 


24-houf. 

survtvat. 

50 (907c) 

10 (77%1 

11 (73%) 
31 (59%) 

i ( 24 %) 

26 (47%) 
31 (70%) 
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The four most troublesome technical aspects of this study follow.- 

1. Arterial Occlusion Clomp. —A damp was sought which would totally 
occlude the ventricular inflow track without traumatizing the atria or seriously 
compromising their capacity, and which could be readily applied and removed 
without obstructing the surgical field. Numerous prototypes were tried, two 
of which are pictured in Pig. 4. Clamps similar to type a were applied with 
the least manipulation of the heart but caused more intra-atrial thrombosis, 
especially at the two points of compression reflection. Type b proved the least 
traumatic and effectively prevented blood flow to the ventricles. When tension 
was applied to the rubber tubing in this clamp, the atria were collapsed to some 
extent in a transverse as well as a longitudinal plane as seen in Pig. b, c - A 
narrow rubber tube (Y$ in., outer diameter) was found necessary to prevent 
trauma to the vessels lydng within the coronary sulcus and to minimize tension 
at the ventricular aspect of the auricular-atrial junction. Evidence of atrial 
trauma resulting from this clamp was a circumatrial ecehymosis and several 
instances of small (5 mm. diam.) organized intra-atrial thrombi. Although 
some atrial volume limitation was evident with both clamps, it was not con¬ 
sidered serious. Neither clamp imposed restrictions on the immediate surgical 
field. 

2. Pulmonary Artery Cannulations. — After trial with transvcntriculnr and 
direct arterial approaches, we found the direct arterial method more satisfactory. 
The teclinique which we employed is illustrated and described in Fig. -■ 

3. Arterial Cannulations. —In the early experiments, considerable difficulty 
was encountered in preventing the atrial catheters from passing into t ie 
ventricles before applying the atrioventricular inflow clamp or preventing 
kiuldng of the catheters, especially in the left atrium, after clamping the atna. 
A solution to this problem and that of potential air embolism or blood loss 
around the catheters was found in the use of a mnltiperforated stainless stcc 
tube, 5 cm. in length, inserted in the end of the catheter (Pig. 4, d). Tins ngi 
tip allowed manipulation of the catheter to provide a patent passage 
drainage. The only indication of intra-atrial trauma from the metal insert tip 
was a localized ecehymosis at the site of prolonged contact in most short-tcim 
and several long-term suiwivors. 

4 . Variation in Cardiac Cannulations. —A partial solution to the problem 
of cardiac cannulation was found which has limited experimental appbe ; h ,on 


but significant clinical appeal. By utilizing a bilateral thoracotomy" or 


median 


sternotomy approach, the right atrium is eannulated through the 


rjo-lit external 


jugular vein, the left atrium from the rig]it and anterior to the entrance 


of the 

rMit pulmonary veins, and the pulmonary and femoral arteries in the mannci 
previously described. The higher mortality" incident to bilateral thoracotomy 
which we have experienced in dogs precluded the use of this as a routine 
technique in our laboratory. With this cannulation approach, the pulmonary 
artery catheter is the only one in the field which can become an obstacle w 
ventricular surgery" and the left atrial catheter is the only one requiring a 
cardiotomy for insertion. There is, however, an added danger of left atrial an 
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embolism due to leakage via the puree-string tie of the left atrial catheter. 
Mention might be made here that generally four catheters are used for pump- 
oxygenator bypass also. 

CONCLUSION 

We believe that our system satisfies the criteria for a successful autogenous 
oxygenation bypass as listed by Mustard,'-' such as (1) adequate oxygenation and 
exchange with total perfusion, (2) elimination of pulmonary venous obstruction, 
and (3) dry cardiotomy exposure. 

Utilizing the described isolation and bypass system, all portions oi the 
heart are rendered bloodless for surgery with the exception of the atria and the 
atrioventricular valves. This procedure can be readily modified to permit intra- 
atrial and atrioventricular valve surgery using the method described by Shields 
and Lewis 12 and Drew. 5 ’ c 


SUMMARY 

1. Fifty dogs were subjected to bilateral total bypass with autogenous 
oxygenation and periods of ventricular isolation valying from 30 to 60 minutes 
while under profound hypothermia (44 dogs) or normothemiia (6 dogs). 

2. Variations in blood study values associated with a high mortality rate 
were found only in the group of dogs subjected to 60-minute ventricular 
ischemia. 

3. The 24-hour survival rate in all experiments was 70 per cent and for over 
1 week, 53 per cent. A 73 per cent long-term survival rate was obtained in the 
group with a 45-minute period of ventricular isolation (Group C). 

4. Both ventricles, their outlet valves, and coronary arteries were rendered 
dry for open surgical repair. 
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THE USE OF SILICONE IN MAINTAINING PATENCY’ 

IN DRAINAGE TUBES 

George A. Harkins, M.D.,* San Francisco, Calif. 

I t has been found that blockage due to blood clot formation within chest 
drainage tubes has been avoided to a large extent by pretreatment of these 
tubes with silicone. Since adopting this measure 2 years ago, it has become 
unnecessary to milk the tubes frequently in order to maintain patency, and 
drainage failure in such catheters is a rarity. We have been unable to detect 
any harmful effect from the use of silicone for this purpose and believe it has 
added to the ease and safety of postoperative care. 

The application of silicone is a simple matter and can be carried out with 
a large number of tubes simultaneously. In this hospital, the rubber tubes are 
washed, dipped into a bath of 5 per cent Silicone,! rinsed in distilled water, and 
baked in the oven until dry (10 to 20 minutes at 160° C.). Thereafter they are 
sterilized and used as necessary. 

Pleural catheters siliconized in this manner have been used in more than 
500 patients, and we can recommend the general adoption of this practice in 
thoracic surgery. In addition, pretreatment with silicone might afford better 
drainage in catheters placed following other operations, for example, after 
prostatectomy, radical neck dissection, and radical mastectomy. 


ana Th™s\m l , of , Surgery Stanford University School of Medicine, Stanford. Calif. 

cis co, Cain* 1 Francisc0 Institute of Medical Sciences. Presbyterian Medical Center. San Fran- 
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FO^THOR Arrr ° F ^ AMERICAN ASSOCIATION 
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Article I. Name 


SECTION 1._ 

for Thoracic Sur 


This Association shall be known 
gery. 


as the American Assc 


ayrticle II. Object 

iate inrestigati 0 n^aii<3 0 studr°tlnt e -vC^l S0 ' Cla ^ 0n ^ ^ t0 eHcourage and 
physiolosT, natlmlnrr,- +I ‘ ' 1 mcrease the knowledge of intratl 

seininate"it. ' ’ ‘ U iei 'apy, to correlate such knowledge an 

?• sM Ma ■“ 
conduct a Jon mil fm/A ' ,' VUC1 free discussion shall be featured: 

•ind other acceptable article" 1 1 ™ 10n o£ Tljc ‘ P«P“'s presented at this me 

Council . S i ® > , ' mdC1 ' ,alie S " Ch ° ,,ler aCtiTi,ieS = 

< t on as a whole may decide. 

Article III. Membership 

Senior, and Honorarr' Admh° & , lU ' lassK of Active, Assoc 

election. Jlemberebip s l rl n T' 0 ?. , "'‘ ,llll ‘ l3l,i P >“ the Association shall t 
to be deternnned £ tl “L ' n f' s" 1 ' Bmi,S 00 "* C 'i 

the privilege of voting or ^ ing 'office Se " iM ' ' 

for life subieot ° U t0 ^ ct * ve ’ Senior, and Honorary Membership slial 
Znmtn , f7 the J pro ^ sions ^ Section 3, following. After the 1 
for a HndSd neLa eIectio11 to Associate Membership shat 

period Tn f Ir T 33 detei ' mi “od by the By-Laws. Luring this lim 

ZZtZ Z h ■ * Pr0Perl - V ^Med. be elected to Ad 

?! “v?!*. ri?! e 'T U, - ti0n 0f this limited period, an Associate Mend 
ditiom'l nm-lV!?./ 01 ^ ctlVe 'Membership, must either be reelected to an : 
Association Meml)ersld P> or be dropped from the rolls of 1 

section S.-Membership may be voluntarily terminated at anv time 
membere m good standing. The Council, acting as a Board of Censors, m 
leeommend the expulsion of a member on the grounds of moral or profession 
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delinquency, and submit his name, together with the grounds of complaint, to 
the Association as a whole at any of the regularly convened meetings, after 
giving the member so accused ample opportunity to appear in his own behalf. 

Article IV. Officers axd Government 

section 1.—The officers of the Association shall be a President, a Vice- 
President, a Secretary, a Treasurer, an Editor, and five Councilors. These ten 
officers and councilors shall be the governing body of the Association, and shall 
have full power to act on all matters, except as follows: 

1. They may not alter the initiation fees or annual dues, nor levy any 
general assessments against the membership, except that they may, in indi¬ 
vidual eases, remit annual dues or assessments. 

2. They may in no wise change the Constitution or By-Laws. 

3. They may neither elect new members nor alter the status of existing 
members, other than to apply the provisions of Article III, Section 3. 

4. They may not deplete the principal of the Endowment Fund. 

section 2.—Officers and Councilors shall be elected at the annual meeting 
of the Association, and shall take office upon conclusion of the meeting. The 
President and the Vice-President shall be elected for a one-year term of office 
and neither may be re-elected to succeed himself in the same office. The Secre¬ 
tary, the Treasurer, and the Editor shall be elected for a one-year tem of office, 
and any or all may be re-elected indefinitely. The outgoing President shall 
automatically become a Councilor for a one-year term of office. The other four 
Councilors shall be elected, one each year, for a four-year term of office, but 
no Councilor may be re-elected to succeed himself. 

section 3.—Vacancies occurring among the officers and councilors during 
the year shall be temporarily filled by action of the Council, subject to approval 
of the Association at the next regularly convened meeting. 

Article V. Committees 

section 1 . —At the opening session of the annual meeting there shall be 
elected, after nomination from the floor of the Association, a Nominating Com¬ 
mittee of three. This Committee shall prepare a slate of nominees for officers 
and councilors and shall present their report at the executive session of the 
Association. 

section 2.—The Council is empowered to appoint a Membership Com- 
nuttee, an Auditing Committee, a Program Committee, a Necrology Committee, 
an d such other committees as may in its opinion be necessary. All such com- 
nnttees shall render their report at the executive session of the Association. 

section 3.—The Editor is empowered to appoint an Edicorial Board, sub¬ 
ject only to the approval of the Council. 

section 4.—The Association as a whole may authorize the Council to ap¬ 
point Scientific or Research Committees for the purpose of investigating thoracic 
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problems and may further authorize the Council to support financial^ such 
committees to a limited degree. In appointing such committees, the Council 
shall be governed by the provisions of the By-Laws. 

Article VI. Finances 

section 1.—The fiscal year of the Association shall run from the beginning 
of one annual meeting to the beginning of the next annual meeting. The hooks 
of the Association shall be kept and audited on this basis. 

section 2.—Members shall contribute to the financial maintenance of the 
Association through the medium of initiation fees, annual dues, and specie 
assessments. The amount of the annual dues and the initiation fees shal e 
determined by the By-Laws. 

If, at the end of any fiscal year, there be a deficit in the current funds oi 
the Association, the Council may send out notices to that effect and invite 
tive members to contribute the necessary amount so that no deficit be carno 
over from one fiscal year to another. The Association may, in any ie S u ®^ 
convened meeting, vote a special assessment for any purpose consistent vi 
the objects of the Association (Article II), and such special assessment sn 
become an obligatory charge against the classes of members affectec 1C1 
section 3.—To meet the current expenses of the Association, there sha e 
available all revenue derived from annual dues, special assessments, an in ® 
from Endowment Fund, subject to the provisions of Section I, 0 ^ 

Funds derived from the payment of initiation fees shall not he aval a 
current expenses. ^ 

section 4. —All funds derived from the payment of initiation fees sha ^ 
placed in a special fund, to be invested and reinvested in legal securities, 
held intact, and to be known as the Endowment Fund. The Council is resp 
sible for the proper management of the Endowment Fund, and may i' ci 
surplus in the current funds of the Association into this fund, but may 
withdraw any of the principal of the Endowment Fund except in aeeor a 
with the provisions of Section G, following. 

section 5.—The income from the Endowment Fund shall be expendc 
the Council directs. 

section 6.—-The principal of the Endowment Fund may he withdrawn, m 
whole or in part, under the following conditions only: The amount of 
to ho withdrawn shall have been approved by the Council; it shall ha ^ 
approved by a majority of the members present and voting at a regvilarj 
vened annual meeting; it shall have been tabled for one year; it shallha ^ 
finally passed by a three-fourths vote of the members present and votm e < 
next regularly convened annual meeting. 

section 7 . —In the event of the dissolution of the^ 
ment Fund shall be distributed among national institutions of the Umtea 
™n7a“Tin a proportion equal to the then existing ratio beween the 
of citizens of the Wo nations who are members of the Assoo.at.on, 



Vo!. 40, No. 4 
October. 1960 


CONSTITUTION 


553 


Article VII. Meetings 

section 1.—The time, place, duration, and procedure of the annual meeting 
of the Association shall he determined by the Council, and the provisions of the 
By-Laws. 

section 2.—A special meeting of the Association may be called on one 
month’s notice on the written request of fifteen members. The specific pur¬ 
poses of the meeting must be stated in the request and in the official call for 
the meeting. 

section 3.—The annual meeting of the Council shall be held at or near the 
close of the fiscal year. 

Article VIII. Amendments 

section 1.—This Constitution shall in no wise be changed except by a 
three-fourths vote of the members present at an annual meeting, and further 
provided that the proposed alteration or amendment shall have been moved 
and seconded at a previous annual meeting, and that printed copies of the 
suggested alteration or amendment shall have been circulated among the mem¬ 
bers, and that the members shall have been specifically advised that such al¬ 
teration or amendment will be voted upon. 

BY-LAfVS 

Article I. 

section 1.—These By-Laws shall merely interpret the Constitution and 
specifically apply its principles. They shall set forth no principles not included 
in the Constitution. 

Article II. 

section 1.—All papers read before the Association shall become the prop¬ 
erty of the Association. Authors shall leave original copies of their manuscripts 
with the Editor or Reporter, at the time of presentation, for publication in the 
official journal. 

section 2.—When the number of papers makes it desirable, the Council 
may require authors to present their papers in abstract, and may set a t im e 
limit on discussions. 

section 3.—Members are urged to cooperate with all Scientific Committees 
of the Association. 

section 4. —Attendance at Annual Meetings and participation in the scien¬ 
tific programs shall be optional for all Honorary and Senior Members, but it 
shall be expected from all Active and Associate Members. 

section 5.—While the scientific session of the annual meeting is held pri¬ 
marily for the benefit of the members of the Association, it may be thrown open 
to nonmembers who arc able to submit satisfactory credentials, who register in 
a specified manner, and who pay such registration fee as may be determined and 
Published by the Council from year to year. 
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ARTICLE III. 

1 Candidates for raembersliip in this Association must lie formally 
ima e an seconded, in an approved manner, by not less than three Active 
ernoi i emreis. Such nomination must lxave been in the hands of the 
C1 j. X1 P ommittee for not less than four months, and the name of the 
candidate must have been distributed to the Association as a whole before final 
ac ion may be taken on any" new candidate for election to Active or Associate 
em ers up. Provided the foregoing requirements have been met, and the 
can i ates have been approved by the Membership Committee and by the 
ounci, their names shall be presented to the Association at a regularly con¬ 
vened annual meeting for final action. A tliree-fourtlis vote of those present 
an voting shall be required to elect. Any" candidate for membership in this 
ssoeiation who has failed of election for two successive y r ears shall automati¬ 
cally cease to be a candidate and may not be renominated until after a lapse 
of three ymars. 

section 2. Active Membership shall be limited to three hundred fifty. The 
candidate, to be eligible, must be a citizen of the United States of America or 
of Canada, unless in unusual cases this citizenship requirement shall have been 
waived by the Council. The candidate shall have achieved distinction in the 
t loracic field, or shall have made a meritorious contribution to knowledge per¬ 
taining to thoracic disease or its surgical treatment. Under usual circumstances, 
Active Members shall be elected from the Associate Members who have satisfied 
all icquirements for Active Membership. Under unusual circumstances, Active 
Membership may be awarded to new candidates of outstanding distinction. 
r section 3. There shall be no numerical limit on Associate Membership. 
The candidate, to be eligible, may" be a citizen of any"’ country. All candidates 
for Associate Membership shall be engaged actively" in the practice of clinical 
medicine, or in teaching, or investigative work in the basic sciences underlying 
clinical practice, and all shall have demonstrated an active interest in thoracic 
disease. In the case of those who are engaged in the independent practice of 
thoracic surgery", it shall be required that they" present evidence of sound basic 
training in general as well as thoracic surgery. Clinicians of outstanding ability, 
whose interest is limited to a small fraction of the entire thoracic field, may he 
elected to Associate Membership. The limited period of time for Associate 
Membership as required by Article III, Section 2, of the Constitution, shall he 
five years. 

section 4.—The number of Senior Members shall be unlimited. The candi¬ 
date, to be eligible, must have been an Active Member of the Association for not 
less than ten years or, having been an Active Member, have passed the age of 
sixty years, or become incapacitated by" illness. 

section 5. —Honorary Membership shall be reserved for such distinguished 
persons as may be deemed worthy of this honor by the Council with concurrence 
of the Association. 

section 6.— The report of the Membership Committee shall be rendered at 
the annual Executive Session of the Association. Candidates shall be presented 
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in groups in tlie following order: Candidates for Honorary Membership; retire¬ 
ment of Active Members to Senior Membership; candidates for Active Member¬ 
ship; candidates for Associate Membership. 

section 7.—The Council shall recommend that any Active or Associate 
Member whose dues are in arrears for two years, or who has been absent, with¬ 
out sufficient excuse, from three consecutive annual meetings, shall have his 
membership terminated. 

section S.—Notwithstanding Section 7, any member of the Association 
over 60 years of age is excused from the attendance requirement and upon his 
specific request may likewise be excused from the payment of dues. 

Article IY. 

section 1.—The President of the Association shall perform all duties cus¬ 
tomarily pertaining to the office of President. He shall not only preside at all 
meetings of the Association, but also at all meetings of the Council. The Presi¬ 
dent shall be elected from the Active Members of the Association. 

section 2.—The Vice-President of the Association shall perform all duties 
customarily pertaining to the office of the Vice-President, not only as to the 
Association, but also as to the Council. The Vice-President shall be elected 
from the Active Members of the Association. 

section 3.—The Secretary of the Association shall perform all duties cus¬ 
tomarily pertaining to the office of Secretary. He shall serve not only as 
Secretary of the Association but also as Secretary of the Council. The Secre¬ 
tary shall be elected from the Active Members of the Association. 

section 4. —The Treasurer of the Association shall perform all duties per¬ 
taining to the office of Treasurer. He shall not only serve as Treasurer of the 
Association but shall also serve as custodian of the Endowment Fund. The 
Treasurer shall be elected from the Active Members of the Association. 

section 5. —The Editor of the Association shall be the Editor of the official 
Journal and shall, ex officio, be the Chairman of the Editorial Board. The 
Editor shall be elected from the Honorary, Active, or Senior Members of the 
Association. 

section 6.—The Councilors of the Association shall hold office as specified 
m the Constitution. They shall be elected from the Active or Senior Members 
°f the Association. 

section 7.—In the event of a vacancy occurring in the office of President, 
the Council shall advance the Vice-President to the Presidency and appoint a 
new I' iee-President under the Provisions of Article IV, Section 3, of the Con¬ 
stitution. 


Article V. 

section 1 . — The Nominating Committee shall consist of three Active or 
--emor Members who are, by preference, also past Presidents of the Association 
<lnd ! n attendance at the meeting. They shall be elected in accordance with the 
Provisions of Article V, Section 1, of the Constitution. The Council shall in- 
s ruet the Committee as to the vacancies which are to be filled by election. 
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.suction 2.—The Membership Committee shall consist of seven Artim w 
(Senior Month its appointed in accordance with (lie provisions of Article V, Sta¬ 
tion 2, of (he Constiln(ion. The Council may appoint not more than one of its 
own members to servo on this Committee. The duties of (lie Membership Coin- 
mil toe are to investigate all candidates for membership in the Association awl 
(o report their findings as expeditiously as possible to the Council through the 
.Secretary of 1 he Association. This Commit!ee is also charged with searching 
the literature of this and other countries to the end that proper candidates 
bo presented to the Association for consideration. Appointment to this Cun- 
mitt eo shall be for a period of one year, and not more than five of the uwm «v 
may be reappointed to succeed them selves. This Committee is also charge! vilt 
maintaining a record of membership attendance and participation in the sura 
tific programs' and reporting to the affected members and to the Gounci a, b 
deviations from the requirement of Article If, Section 4, of these by-Cuvs, 
suction 3.—The Auditing Committee shall consist of three Active oi ketii^ 
hi embers appointed in accordance with the provisions of Article V, ’ ’ 

of the Constitution. None of these may be selected Jrom tbc officers oi tounei o 
of the Association. Their duty shall lie 1o audit the accounts of the J ssocu 
at the end of each fiscal year and render their report to the Gounci 0 
Association through the .Secretary. Appointments 1o this Committee su ^ 
made for a one-year term. Not more than Uvo members ma,v be iwppoi 
succeed themselves. ^ 

suction 4 .—The Program Committee shall consist of five mernhcis- ^ 
President of 1 ho Association, the Secretary of the Association, the ,J 1 
the Association, and two members at large, one of whom shall >e 
or near the place of annual meeting. The duties of this Committee sm 
arrange, in conformity with instructions from the Council, the scicn i 
gram for the annual meeting. ( . vc 

SECTION 5.—The Necrology Committee shall consist of one ov molC 
or Senior Members, and shall be appointed in accordance with the pio^_^ 
of Article V, Section 2, of the Constitution. Appointments to this C°" 
shall be for a one-year term of office. Any or all members of this Aim ^ 
may be reappointed to succeed themselves. The Council may, if Abo c '^ 
appoint one of its own members to serve as Chairman of this Conuni ee. ^ 
duties of the Necrology Committee shall he to prepare suitable rcso 
memorials upon the deaths of all members of the Association and to repor ■ - 
deaths at every annual meeting. , • , (l( 

suction 0.—The Editorial Board shall be appointed by the Editor, s ■ 
only to the approval of the Council. The Udilor shall be, ex officio, 1> « ^ 
man of this board and shall he privileged 1o appoint and mde/mne).> • 
such members of the Association, regardless of class of membership ,, m> • ^ 
nonmcmliers of the Association as in his opinion may be best calcuiaica 

the editorial requirements of the Association. . m c 

suction 7.-When Scientific or Research Commit! era are authorized > 
Association, the Council shall appoint the Chairmen of these Commit cos, 
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power to organize their committees in any way best calculated to accomplish 
tlie desired object, subject only to the approval of the Council. Financial aid 
rendered to such Committees shall not exceed such annual or special appropria¬ 
tions as may be specifically voted for such purposes by the Association as a whole. 

Article YI. 

section 1.—Honorary [Members of the Association are exempt from all 
initiation fees, dues, and assessments. 

section 2.—Annual dues for Active Members shall be $30.00. 

section 3.—Annual dues for Associate Members shall be $25.00. 

section 4.—Senior [Members are exempt from dues. 

section 5.—Initiation fee for those elected directly to Active [Membership 
shall be $15.00. 

section 6.—Initiation fee for those elected to Associate [Membership shall 
be $10.00. If and when an Associate Member is elected to Active [Membership, 
he shall pay an additional $5.00 initiation fee. 

section 7.—Income from the Endowment Fund shall be expended as the 
Council directs. 

section 8. —Associate and Active [Members must subscribe to The Journal 
of Thoracic and Cardiovascular Surgery to retain their membership status. 

section 9.—Senior Members may retain their membership status without 
the payment of annual dues and subscription to The Journal of Thoracic 
and Cardiovascular Surgery is optional. 

(Note.—Bills for membership dues and for subscriptions to The Journal 
of Thoracic and Cardiovascular Surgery will be mailed to members by the 
Treasurer after the Annual Meeting.) 

Article TII. 

section 1.—When the Association convenes for its annual meeting, it shall 
immediately go into executive session, but the business at this session shall be 
limited to: 

1. Election of Nominating Committee. 

2. Appointment of necessary committees. 

3. Miscellaneous business of an urgent nature. 

section 2.—The annual executive session of the Association shall be held 
at the opening of the afternoon session of the second day of the meeting. The 
order of business shall be: 

1. Heading of the minutes of the preceding meetings of the Association 
and Council. 

2. Report of the Treasurer for the last fiscal year. 

3. Report of the Auditing Committee. 

4. Report of the Treasurer for the current year to date. 

5. Report of the Necrology Committee. 
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6. Report of the Program Committee. 

7. Action on amendments to the Constitution and By-Laws. 

8. Action on recommendations emanating from the Council. 

9. Unfinished Business. 

10. New Business. 

11. Report of the Membership Committee. 

12. Election of new members. 

13. Report of the Nominating Committee. 

14. Election of officers. 

section 3.—At the annual meeting of the Council the order of business 
shall be: 

1. Reading of minutes. 

2. Treasurer’s report. 

3. Appointment of committees. 

4. Determination of instructions to be given to Auditing, Membership, 
Necrology, and other committees except Program Committee. 

5. Determination of details in connection with the annual meeting. 

6. Appointment and instructions to the Program Committee. 

7. Unfinished Business. 

S. New Business. 

section 4.—There shall be an annual meeting of the Council. 

Article VIII. 

section 1.—These By-Laws shall in no wise be changed except by a 
thirds vote of the members present at the annual meeting or a propeil) con 
vened meeting of the Association, and further provided that the propose 
tion or amendment shall have been moved and seconded by not less than 1 
of the members in a properly convened annual or special meeting o 
Association. 

section 2. —These By-Laws may be suspended in whole or in pait f 01 ^ 
period of not more than twelve hours by a unanimous vote of those present <' 
any regularly convened meeting of the Association. 
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THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The Forty-first Annual Meeting of The American Association for Thoracic 
Surgery will be held April 24. 23. and 26. 1961. in Philadelphia. Pennsylvania. 
Headquarters will be the Sheraton Hotel. 

Requests for Hotel Reservations 

These should be mailed directly to Mr. Brian Kirby, Reservation Manager. 
Sheraton Hotel, Philadelphia 3, Pennsylvania. Please mention this Associa¬ 
tion, the type of accommodation desired, the date, and approximate hour of 
arrival and departure. If accommodations are desired elsewhere please com¬ 
municate directly with the hotel of your choice. 

Material for the Program 

Scientific Papers. —Abstracts of all paper's proposed for presentation at 
the 1961 meeting must be received on or before November 15, 1960, otherwise 
they will not be considered by the Program Committee. These should be 
labeled “For Thoracic Surgery Forum” or “For Regular Program” depending 
u Pon the nature of the subject matter, in the same manner as in previous 
years. They should contain from 200 to 250 words that accurately reflect the 
content of the completed paper. 

^' x > repeat, six clearly legible copies of each abstract must be sent to Miss 
- a Hanvey, Administrative Assistant, The American Association for Thoracic 
■uu-gen, 30S Carondelet Building, 7730 Carondelet Avenue, St. Louis (Clayton) 

Missouri. 

Essayists selected for the program are reminded that papers presented at 
|. e mee ting must be handed to the secretary immediately after their presenta- 
l °hv ^ ^ le ' V are not read >~ at that time there is a chance that they will not be 
P a fished in The Journal of Thoracic and Cardiovascular Surgery. 


559 



560 


TSUC AMEHWAX AHHOOIATJOK YOU TJIOJIACTO StniGKKY I, Y’>nAzIrA 


Applications for Membership 

Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than November 15, 1960, otherwise 
the application wall be deferred for consideration until the 1962 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. Jn addition to the signature on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 

Frank Gerhode, M.D. 

Chairman of the Membership Committee 
Presbyterian Medical Center 
San Francisco 15, California 

Sponsors are reminded that neiv letters of recommendation must be 
forwarded to the Chairman of the Membership Committee should their appli¬ 
cants be held over for reconsideration a second year. 
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Original Commnni cations 


the subcoronary implantation of a flexible 
tricuspid aortic valve prosthesis 

Benson B. Roe, M.D., Mervyn F. Burke, ALD. (by invitation), and 
Harry Zebner, Jr., ALD. ( by invitation), San Francisco, Calif. 


T wo tears ago we reported to this Association that a flexible plastic tricuspid 
aortic valve prosthesis had undergone successful testing in animals by long¬ 
term implantation in the ascending aorta. 1-4 Three dogs in which these valves 
have been implanted are still living and angiograms have shown the prosthetic 
valve to be still competent. When the anatomic valve was made incompetent 
111 these animals they did not survive. It was evident that the subcoronary 
Position of the valve was necessary for coronary filling during diastole and that 
the usefulness of this valve would be dependent upon the development of a 
technique for placing it there. 

Several improvements in the design, material, and production of this valve 
have since been effected. While maintaining the basic characteristics of the 
cusps, we have incorporated new features which have made the valve suitable 
foi intracardiac implantation in the subcoronary position. The current model 
(Fig. 1) is constructed so that it has the shortest possible axial length which 
is still adequate to support the valve cusps. Since the septal leaflet of the mitral 
la he forms the medial wall of the left ventricular outflow tract (see Fig. 5, A), 
1 15 es sential that the prosthesis not protrude into the ventricle. Obviously the 
is al edge of the prosthesis must be proximal to the ostia of the coronary 
erterie s. Unfortunately the distance between these two structures is only a 


UardiovaIH,,i? e T,® ur m’ c al Research Laboratories of the Department of Surgery, and the 
Vrancisc 0 C 22 r cahf earCh Institute o£ the University of California School of Jledicine, San 

Public .wants from the Sacramento (California) Heart Association and the U. S 

^wealth Service (H-46S0). 

at J Mand < Beac t h e J T ort !?. th . Aj J nu al Meeting of The American Association for Thoracic Surgery 
* Jl'lS, I960. 
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few millimeters and provides the greatest limiting factor to prosthetic implanta¬ 
tion. Additional shortening of the valve jacket in the critical area beneath the 
coronary ostia has been accomplished by scalloping the distal edge (Pig. 1). 

Since the elastomer (silicone) material of which this valve is constructed 
has proved to he resistant to clotting and tissue reaction, its fixation was de¬ 
pendent upon sutures and friction in the formerly reported technique. In the 
subcoronaiy position, however, the valve will not he held hy the surrounding 



Fig. 1.—Photograph of the smooth-surfaced flexible valve. A single cusp is retracted 
in the open position. Note the cut-away in the cylinder between the commissures wmcn 
provides a margin for the; coronary ostia. Note also the compressed Ivalon ring wmcn nas 
protected contact with tho endothelium. 



Fig. 2.—Plaster casting of left ventricular outflow tract and aorta in a dog. Note that there 

is no ring in the valve area. 

tissues because of the irregularly tapering contour of the outflow tract (Fig- 2) 
and the proximity of the highly flexible mitral valve leaflet. For this reason 
it has been essential to incorporate two additional features in the jacket. 
(1) a ring of silicone rubber with greater hardness through which sutures arc 
less likely to tear, and (2) a ring of Ivalon sponge bonded to the silicone whiei 
we hope will be invaded by fibrous tissue for fixation if the sutures fail to 

hold (Fig. 3). 
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TECHNIQUE OF IMPLANTATION 

Technical difficulties were encountered in our initial attempts to suture 
this valve into place precisely in the area described so that neither the coronary 
ostia nor the mitral valve was obstructed. Surgical exposure of the full cir¬ 
cumference of'the aortic “root” is limited and awkward at best, particularly 
through a vertical aortotomy. The placing of sutures was nearly impossible by 



, F'S 3—-Diagram of sagittal section through \ahe prosthesis -which shows position of 
suiure, location of hard plastic hand, and Ivalon sponge “jacket" Note flared edges for tight 
surface contact 



1. Knot hidden, behind, tipper lip o£ valve 

2. Ivalon covered above and below 

3- Feath.ered edges to prevent clot 

4- .Ha.rd silastic to hold suture 

I Diagram of operatit e approach through a right thoracotomy. 

nhnary methods because of the difficulty in directing needles vertically. The 
PossibI 1 tCC5inU1Ue ’ however, has laigely overcome these obstacles and it is now 
aon\ e t0 insert tlle va b e in the subcoionary position through a transverse 
0xce ° ° n ; n - Fl " 4 ) with seven precisely placed sutures in a period which seldom 
30 Iuuiutes of aortic cross-clamping. Myocardial ischemia is reduced 
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Aortic valve cusps Sutures in 

being; excised. place 



Fig. 5.—Diagrams of suturing technique. 

A, Resection of remaining anatomic cusps. frc0 

B, Introduction of "J" needle from below upward through the valve remnant, r iiollovi' 

end of the suture is drawn through the tissue and fed out from a spool through 11,1 
needle. The needle is then withdrawn to deliver the lower arm of the suture. tl)C 

G Tire crochet hook is inserted through the edge of the prosthetic valve and ura 
bottom ’arm of the suture through the plastic material. 

D, Prosthetic valve in place with sutures tied. 
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by producing regional (cardiac) deep hypothermia and by additional inter¬ 
mittent perfusion of the coronary ostia with cold blood during the procedure. 

To permit accurate placing of sutures it is necessary to excise the anatomic 
cusps of the diseased valve (or the normal cusps of the valve in the experimental 
animal) (Fig. 5, A). The sutures necessary for holding the valve to the aortic 
wall must be placed in an axial direction parallel to each other and at the same 
level below the coronary ostia. This maneuver is accomplished under direct 
vision with a specially developed hollow “J” needle which has been described 
elsewhere 5 (Fig. 5, B). One suture is placed in each of the three commissures 
and one or more sutures in each cusp remnant, according to the size of the valve. 



To prevent tangling, the multiple suture ends arc held in clips on a metal ring 
which surrounds the operative field (Fig. 6). Twisting is also avoided and the 
lower limb of the sutiu-e is quickly identified in the top clip when the suture is 
later passed through the prosthesis. 

After all the sutures have been placed in the aortic wall, a crochet hook is 
llS( Xl to draw the lower limb of each suture through the wall of the prosthetic 
'alve around the hardened ring in an appropriate position on the prosthetic 
cn ft' to match the location of the suture on the aortic wall (Fig. 5, C). This 
^ te P is accomplished in such a way that the suture holes and knots are covered 
)e find the valve jacket. The valve is then slid down the sutures into position 
and sutures are tied (Fig. 5, D). The aortotomy is then closed. 

Results 

In early attempts to implant a prosthesis iu the subcoronary location, the 
to eilCe tce ^ inaca ^ future was high but several animals survived long enough 
jj* P ! , ’ onstrate that the valve worked. Since the development of the technique 
carp 1 ' e ^’ WC ^ iaVe °P erate d ou 21 animals with extracorporeal circulation and 

nac arrest with regional hypothermia. In every instance the prosthetic 
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valve was implanted satisfactorily. All but one heart developed ventricular 
fibrillation on rewarming but one or two defibrillatory shocks resulted in regular 
effective contractile beat in every animal. In 4 dogs the hearts returned to per¬ 
sistent ventricular fibrillation as the result of unexplained myocardial infarcts 
developed during the procedure. Three dogs died of uncontrolled bleeding from 
the aorta when normal circulation had been restored. 

The remaining 14 dogs maintained satisfactory vital signs, temporarilj 
supported by vasopressors, for an average period of S hours. Their chest in¬ 
cisions were closed, heparinization was neutralized, and spontaneous breathing 
restored. Death occurred from 2 to 18 hours later, usually with a gradual]} 
declining blood pressure or evidence of neurological damage. 


-200 
- /oo 
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Fig- 7.-—Simultaneous pressure curves of normally beating heart above and j 
prosthetic aortic valve. (Preoperative pressures on the left and postoperative on me 
Note dicrotic notch and absence of systolic gradient. 

Pressure determinations after implantations (Fig. 7) reveal no systolic 
gradient across the valve, a dicrotic notch, and a normal systemic diastolic P YCS 
sure with a zero intraventricular pressure. This evidence supports the obsen a 
tion of valve function in a pulse duplicator which shows complete competence. 

Unfortunately, we have not yet been successful in maintaining long-tevm 
survivors to determine the eventual fate of this prosthetic valve, but the clmica 
course and the physiologic data on these animals suggest that death was > e 
result of either prolonged cardiac ischemia or was due to our extracorp° re 
perfusion technique, rather than to the presence of the prosthesis in the hear • 

Autopsy examinations have revealed no evidence of obstruction to hue 
coronary ostia in this series. There has been no clot formation on the valve an 
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no avulsion of sutures. Small to moderate-sized hematomas hare been found 
in the subserosal layer of the mitral valve leaflet and in the interatrial septum. 
Large hematomas were sometimes found also in the periaortic fat pad and in 
the atrioventricular groove. The occurrence of all these hematomas appeal’s 
to be related more to the aortotomy closure than to valve placement since they 
also appeared in the hearts of animals subjected to control procedures without 
valve implantation. 


SUMMARY 

A technique has been described for implantation of a short flexible aortic 
valve prosthesis in the subcoronary position under direct vision in the experi¬ 
mental animal. It has been shown that normal hemodynamics can be restored 
by this procedure after total ablation of the anatomic valve. Coronary blood 
flow is not obstructed. Previous long-term studies indicate that the physical 
characteristics of the valve satisfactorily prevent clotting and maintain func¬ 
tion. Long-term survivors are still needed to determine whether permanent 
fixation can be expected from this technique. 
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EXPERIMENTAL PRODUCTION OF AORTIC STENOSIS 

Anthony J, Munoz, M.D. (by invitation), and Sam E. Stephenson, Jr., M.D. 
(by invitation), Nashville, Tenn. 

'T’he production of lesions simulating acquired human cardiac lesions pre¬ 
sents a major problem in laboratory animals. Previous work directed at 
t e pioduetion of experimental aortic stenosis has utilized the application oi 
a cannula, 1 metal clips, 2 or sutures 3 in the commissures. These experiments 
have afforded unpredictable and inconstant degrees of aortic stenosis. In 
an attempt to produce coronary arteriosclerosis in the experimental animal 
it was noted that the first site of plaque formation in the animals was one 
encii cling the aortic annulus and, in some cases, fusion of the commissures 
developed. This then represents the early lesion of aortic stenosis. 

METHOD 

Unselected mongrel male dogs, weighing from 11 to 23 kilograms, were 
utilized. After a baseline electrocardiogram and serum cholesterol levels were 
obtained, the animals were given 2 millicuries per pound of I 131 to render the 
dogs euthyroid or hypothyroid. (In a second group of animals [Group B], 
propylthiouracil, 750 to 1,000 mg. per day, was substituted for the radioactive 
iodine.) After a 2-week delay the animals were started on 100,000 I.U. 
vitamin D daily and placed on a special diet (Table J). Fresh meat was 
added at frequent intervals. 


Table I* 


Commercial dog meal 
Commercial lard 
Crystalline cholesterol 


B. 


Cooking oil 
Cholesterol 
Cholic acid 
Thiouracil 


93 grains 
5 grams 
2 grams 


73.0 grams/100 
20.0 
5.0 
2.0 


•Diet A was utilized in combination with and diet B when thiourea derivative was 
substituted. 


From the S. R. Light Laboratory for Surgical Research, Department o£ Surgery, Vander¬ 
bilt University School of Medicine, Nashville, Tenn. 

Aided in Part by U. S. Public Health Service Grant 3047. 

Read at the Fortieth Annual Meeting- of The American Association for Thoracic Surge . 
at Miami Beach, Fia., May 11-13, 1960. 
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The vitamin D was continued until the dogs demonstrated the toxic mani¬ 
festations of weight loss and bleeding from the gums and it was then reduced 
by one half. The special diet was continued until sacrifice. Monthly serum 
cholesterol levels were obtained (Table II). At the time of sacrifice some 
animals had coronary arteriograms and others had left heart catheterization 
for the gradient across the aortic valve. 


Table H* 


A. 1131 

+ Diet 

+ Vitamin D 


Avg. Ilg./C/o 

Range 

Preop. 

154 

125-1S0 

1 mo. 

S33 

450-1,120 

2 mo. 

965 

620-1,170 

3 mo. 

1,094 

775-1,360 

B. Thiouracil 

+ Diet 

- Vitamin D 


A vg. Mg./% 

Range 

Preop. 

171 

115-235 

1 mo. 

159 

105-195 

2 mo. 

303 

225-355 

3 mo. 

371 

235-490 

4 mo. 

63S 

575-740 

5 mo. 

605 

500-770 

6 mo. 

940 

660-1.450 


gToup A animals show the more rapid rise in serum cholesterol levels achieved with 
mis method and the lesions were more prominent in this particular group. 


The excised heart and great vessels were examined, photographed, and 
preserved in formalin solution. In some cases the entire heart and great 
vessels were stained with Sudan III for localization of fatty deposits not 
grossly visible. Typical areas of plaque formation were submitted for micro¬ 
scopic examination. 


RF.SUT.TS 

Six animals were prepared, using radioactive iodine, vitamin D, and the 
high cholesterol diet. All animals were sacrificed at 3 months and all showed 
marked atherosclerosis encircling the aortic annulus (Fig. 1). In some ani¬ 
mals there were also marked changes in the puknonary artery, arch of the 
aoita, descending aorta, and abdominal aorta. These areas of involvement 
grossly resembled human plaques, both in their appearance and location. The 
location of these plaques was primarily on the superior wall of the thoracic 
aoi ta, around the orifices of the branch vessels, and on the posterior wall of 
e abdominal aorta. Unfortunately pressure gradients were not obtained on 
ese animals as the finding of commissure fusion was unexpected. 

Four additional animals were prepared, but propylthiouracil rather than 
"as given to suppress thyroid function. Although these animals also 
^sponded with a high serum cholesterol level, the findings were not as eon- 
smtent and plaque formation not as prominent. These animals were sacrificed 
the end of 6 months and demonstrated an average gradient of 49 mm. U> 
aer °ss the aortic valve. 


pa 
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The serum cholesterol values on these animals prepared with radioactive 
iodine averaged 1,094 mg. % at 3 months. It is possible, however, with this 
regimen to obtain cholesterol values in excess of 1,800 mg. %. In reviewing 
these groups of animals it seems that levels in excess of 600 to 800 mg. % 
need to be maintained for 3 consecutive months and then satisfactory plaque 
formation will have occurred. 

It must be stated that the lesions observed in these animals have not 
progressed as yet to the full blown “pile of rocks” so classically seen in 
clinical calcific aortic stenosis. These lesions harm been early lesions sug¬ 
gestive of aortic stenosis, both to us and to the pathologist. The gross lesions 
have appeai*ed as deposits with or without calcification encircling the annulus, 
fusion of the commissures, and fatty deposition on the leaflets, the latter 
demonstrated by supravital staining of the gross specimen with Sudan III. 



mg'. 1. —Photograph of typical specimen from animal sacrificed at 3 nj , he lesions 
missure fusion is not as marked in this specimen as in some but it also demonstra 
in the arch, pulmonary artery, and coronary arteries. 

Attempts to demonstrate this degree of aortic stenosis by arteriogiaphw 
means have not been satisfactory. Demonstration of the nicking from p 
formation in the main and branch coronary arteries has been possi 
radiographic study prior to sacrifice. 

Although the gross examination of these specimens resembles the P^^ 
seen in human arteriosclerosis, the microscopic appearance is somewhat c i 
ent and thus not completely analogous. We would like to reproduce^^ 
human counterpart of the disease but these experimental lesions offer a^m * 
heretofore unavailable for the study of the early changes of aortic s e ■' 
coronary sclerosis, and partial occlusion (by plaque formation and narrow i D 
of the small branch vessels. 
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The microscopic picture is primarily one of subintimal hemorrhage and 
fatty deposits in the early stages. These changes are soon followed by an 
increase in fibrous tissue, large fatty deposits, and, later, marked calcification 
of these areas (Pig. 2) with elevation of the intiina, progressing in some cases 
to actual intimal ulceration. For the most part these changes are similar 
to the lesion in medial sclerosis. 

DISCUSSION 

The early work of Creech and associates 4 pointed out the feasibility of 
the development of arteriosclerotic-like plaques in dogs. Up until that time 
this lesion had been extremely difficult to produce. Soon after the reported 



lor tf'Ll —%°* omicrogra P h le sion at the aortic annulus This animal had been treated 
reduced ° ne Can see the marked calcification and numerous cholesterol clefts (X25; 

"ork of Creech, we set up a long-term study, using the Tulane method of 
Pi educing arteriosclerotic disease, in an attempt to assess mechanical factors 
concerned in the selective deposition of the material. Through a period of 
5 oars we have been able to produce some lesions. These, however, have not 
°on of the magnitude expected and the long period of treatment is not only 
j listing to the animal and the research group but the cost is exorbitant. 

^ P oss ible, however, to produce changes in the abdominal aorta by this 
rae od and this process is enhanced by mechanical irritation of the vessels. 
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Blake, 5 using a variant of this method, was able to develop similar lesions 
in dogs. In these studies, coronary lesions developed in somewhat over 24 
months of treatment. 

Crisp 0 in 1958 reported the fairly rapid development of lesions in dogs 
by another method. Utilizing regular dog chow as a diet the animals were 
given 100,000 I.U. of vitamin I) daily. After about 90 days, lesions in the 
media of major vessels were evident. 

The procedure utilized in this report is essentially a combination oi these 
two methods. The vitamin D in such large doses produces multiple suhintimal 
hemorrhages. These areas of injury then predispose to the deposition of the 
excess lipids in these particular areas. Although the lesions produced by this 
method are not completely analogous to the human lesions of arteriosclerosis, 
the sites of deposition are the same. The experimental lesions select, in sites 
of decreasing frequency, the aortic annulus, the superior wall of the ascending 
aorta, the pulmonary artery, the lumbar portion of the abdominal aorta, and. 
last, the coronary arteries. 

It would be preferable to be able to develop lesions in animals which 
are microscopically the same as those in human beings. As yet this is not 
possible. Experiments are now in progress using primates with the same 
technique in an effort to evaluate this type of experimental animal. "Uni 
it is possible to develop the human type lesions, the method herein describe 
appears to represent more closely the human counterpart than the lesions 
from previously described methods. 

The utilization of propylthiouracil instead of radioactive iodine, for prep 
aration of the animals before vitamin D and cholesterol are started, produces 
similar lesions hut these lesions are not as marked, and the degree of fusion 
of the aortic commissures is inconstant. At the present time we eonsidex 51 
I 131 should be used to produce the more marked results. It must be remen^ 
bered, however, that if the animals are kept under observation for on c er 
than 6 months, repeat treatment with I 131 may be necessary. 

It is hoped that animals prepared over a longer length of time will 
a more complete and advanced aortic stenosis. Jinny other aspects o 
over-all problem need to be evaluated and will form the basis of a subsequeu 
report. 

SUMMARY 

1. A method is described to produce arteriosclerotic-like lesions in m ‘ 

dogs. These lesions develop in less than 90 days. ^ 

2. Among the earliest lesions are those encircling the aortic annulus an 

if permitted to progress, cause fusion of the aortic commissures and t ie ea 
lesions of aortic stenosis. ^ ^ 

3. The use of I 131 , 2 millieuries per pound of animal weight, to supp^ 
thyroid function is superior to the utilization of antithyroid drugs or 
consistent development of the lesions in this particular experiment. 



Vol. 40, No. 5 
November, 1960 


AORTIC STENOSIS 


573 


REFERENCES 

1. lleerson, F. Z., and Kobozev, 6. IV.: O methodike sozdanica eksperimentalnogo stenoza 

aorty, Bulletin Eksperimental’noi Biologic i meditsiny (Moskow) 39: 50-52, 1955. 

2. Salerno, R. A.: The Experimental Production of Valvular Aortic Stenosis, Ann. Surg. 

149: 3GS, 1959. 

3. Boerma, J. R., Germs, J., and Blickman, J. R.: Artificial Stenosis of the Aorta, 

Chirurgicum Neerlandicum 3: 123, 1951. 

4. Creech, 0. J., Jordan, G. L., Jr., De Bakey, M. E., Overton, R. C., and Halpert, B.: The 

Effect of Chronic Hypercholesterolemia on Canine Aortic Transplants, Surg. 
Gynec. & Obst. 101: 607, 1955. 

5. Blake, T. il.: Personal communication, 1960. 

6. Crisp, IV. IV., Jr., Root, H. D., Jenson, C. B., Imamagler, K., and Yonehiro, E. G.: 

Experimental Production of Arteriosclerosis in the Hog, S. Forum 9: 304, 1958. 

(For Discussion , see page 631) 



EVALUATION OF NEW NONWETTABLE MACROPOROUS 
MEMBRANES WITH HIGH PERMEABILITY COEFFICIENTS FOR 
POSSIBLE USE IN A MEMBRANE OXYGENATOR 

James S. McCaughan, M.D. (by invitation), Richard Weeder, B.A, 

(by invitation), John C. Schuder, Ph.D. (by invitation), and 
William S. Blakemore, M.D., Philadelphia, Pa. 


A membrane that is permeable enough to oxygenate blood adequately without 
requiring a large surfaee area or volume of blood would be a desirable 
contribution in the development of a practical membrane oxygenator. Various 
thicknesses of different membranes have been evaluated empirically in oxy¬ 
genators. r '- 7> 8 ' 18 Since blood must be circulated through an oxygenator and 
the increase in the oxygen saturation determined, these experiments have been 
expensive, arduous, and difficult to control. „ 

In his experiments on the diffusion of gases through solids, Banci 
showed that the gas first dissolves in the membrane, diffuses across the mem¬ 
brane, and then evaporates into the atmosphere on the other side. The pci me 
ability of the membrane is thus determined by the physical and ehemma 
structure of the membrane and the nature of the gas diffusing through it- x 
cept for a few anomalous systems, 12 the flow rate of a gas through the membianc 
can then be (1) increased linearly by increasing the partial pressure difference 
of the gas across the membrane, (2) decreased linearly by increasing the t nc^ 
ness of the membrane, and (3) increased logarithmically by increasing 
absolute temperature. 1 ’ 3> °> 13 

Prom these observations, Barrcr developed the concept of a perinea a 1 3 
coefficient which is equal to the product of the solubility and diffusion constan s 
of the gas and is defined as the standard cubic centimeters (0° C. 1 atm- ^ 
gas passing through 1 sq. cm. of membrane (1 mm. thick) per second pel eei 
meter of mercury partial pressure difference across the membrane. 

From the Harrison Department of Surgical Research and the Department of Sure 
of the University of Pennsylvania. American 

Supported by a grant from the Southeastern Pennsylvania Chapter ot t 
Heart Association. Thoracic Surgery 

Head at the Fortietli Annual Meeting of The American Association foi 
at Miami Beach, Fla., May 11-18, I960. a pip 

•Thus, the following mathematical expression can be derived for the 
across a polymer membrane: mffnmnce 

Flow rate __ Permeability coefficient X Partial pressure diaer - 

Unit area — Membrane thickness 

or 


V 

A 


P (P 1 -P 2 ) 


where 


V = flow rate of gas across the membrane (c.c./sec.). 

A = area of membrane exposed (sq. cm.). . . He). 

it — mrtf'll nressure of the gas on one side of the membrane (cm. -tigu 
P* — tiin n-ns nn the. other side of the membrane 


Hg). 


E = partial pressure of the gas on the other side of the membrane (c n. 
t — thickness of the membrane (ram.) . „ „ <,„ 0 clflc tempera um 

P = permeability coefficient for the given gas-membrane system at a spec 

(c.c.-mm./cm.=-cm. Hg-sec.). 
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By measuring the flow rate of a gas across different membranes under con¬ 
trolled conditions, the permeability coefficients can be calculated for those spe¬ 
cific gas-membrane systems. From a comparison of the permeability' coefficients, 
the most permeable membrane can then be selected. 

Various experimental procedures have been used to measure these eo- 
eSc-ients: however, they have usually' been either elaborate or time eonsiun- 
ing.*-»■»,«. is ». =5, ss Although the permeability coefficients for oxygen and 
carbon dioxide have been determined for almost all the membranes currently 
available, we undertook to develop a simple technique for measuring the perme¬ 
ability coefficients of several new types of membranes. "With this apparatus, 
rapid and easy preliminary studies c-au be perforated to measure the relative 
Permeabilities of different membranes without the necessity of using an oxy¬ 
genator with all the problems it entails. 

Because permeation is a solution and diffusion phenomenon, two gases will 
permeate different membranes with approximately the same relative rates which 
is dependent upon the molecular weight of a gas (Graham's law).- 5 Therefore, 
the membranes that have the highest permeability to carbon monoxide will also 
have the highest permeability to oxygen. Since a sensitive carbon monoxide 
analyzer was available and we are interested in the permeabilities of different 
membranes relative to each other, we measured the carbon monoxide perme¬ 
ability of various standard membranes to establish a base line for future com¬ 
parison. In the technique that will be described, the permeability of any gas 
aan be determined by analyzing the gas mixtures for the specific gas with the 
appropriate analyzer. 

PRINCIPLE 

When pure carbon monoxide is passed on one side of a membrane and 
oxygen on the other side, some of the eases will counter diffuse throneh the 
membrane. The gas mixture leaving the oxygen side of the chamber can then 
be analyzed for carbon monoxide content. Since this represents the carbon 
monoxide that diffused through the membrane, the permeability of the mem¬ 
brane to carbon monoxide can be calculated (Fig. 1). 

Prom a carbon monoxide mass balance, the perfect gas law. and the flow 
equation, a relationship can be derived for calculating the carbon monoxide 
permeability constant from the data obtamed with this apparatus.® 


-VPpar vrrs 


1. Diffusion Cliambt r .~This consists of two 3.5 by 3.5 bv 1 in. thick hollow 
alumin um plates which are bolted together with a membrane secured between 


*P = 


_»_ iP.. - P:») / xi.Vit \ 
272) \A(Pft * I'O ) 


(T 

wf" -tv- t — chamber ("C 

~ pres«uf»* icrn. Hg) 

»' r '* ~ in exhaust, line from ox\ of chpidw - u . 

— pTVrSsur* 4 in fflfior tin® to CO of chamb®** (c*n He) ^ ^ 

V* - fo '' rat* exhaust £rom oxygen of chairb®- 

A = surface arva of th® rc®*nbran® < cm.) •c'c.M.* 

* = tlrc^n**** 1 mm.) 

1" = trot fraction of CO w eas from ox-. ?<-n c„« & f3 r , 

P = r-rrr^b-.hty co^W-.^r.t for CO at e-rTr-ratS-? 4 J’~ 

to STP conditions * 1 'c.c.-rrn.,.v-_ cm 
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them by 2 y 8 inch diameter rubber “0” rings (Figs. 2 and 3). Each plate has 
a tube for the entrance and exit of a gas and a thermometer well. A wire screen 
is placed inside of each “0” ring to prevent the membrane from buckling. 

2. Manometers .—The pressure of each entrance and exhaust gas is meas¬ 
ured with a mercury manometer. 

3. Flowmeter .—The flow rate of the gas in the oxygen exhaust line is meas¬ 
ured with a 1,000 c.c. per minute capacity rotameter! and the flow rates of the 
carbon monoxide entrance and exhaust gases are monitored with 45 c.c. per 
minute capacity "Tri-Fiat” flowmeters.*" 



Fig. 1.—Diagram of technique used for measuring the permeability coefficients of mcnib 

4. Temperature Control .—The entire diffusion chamber is immeised m 
water bath which maintained the temperature at 30 ± 0.5° C. 

5. Gas Analysis .—The gas leaving the oxygen side of the chambei 
lyzed with a Stalext carbon monoxide analyzer for the amount of cat on mo 
oxide present in the sample. 

6. Membrane Thickness .—The thickness of each piece of membrane is 
ured with a dial micrometer.^ This is important since there is often a 
variation in the actual thickness of a membrane than that listed by the m<m 
facturer. Also, the thickness of many of the membranes is not uniform. 

•Fisher and Porter Co., Hatboro, Pennsylvania. 

fModel Sl-2, Stale* Corporation, Stockholm, Sweden. 

tModel 55412, B. C, Ames Co, Waltham, Mass 
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PROCEDURE 

After the thickness has been measured, a 7 cm. by 7 cm. piece of the mem¬ 
brane is placed in the diffusion chamber between tbe rubber “O' rings and 
the chamber is bolted together and immersed in the constant temperature bath. 



Figr 2.—Diffusion chamber disassembled 



^ Diffusion chamber assembled with thermometer and thermocouple in place. 

The temperature in the chamber is controlled at 30° ± 0.5° C. by a thermo¬ 
couple placed in one of the thermometer wells. Oxygen is then slowly passed 
through one side of the chamber and carbon monoxide through the other. The 
ut-cdle valves on the exhaust lines are then simultaneously adjusted so tbe pres- 
Surfc * ou ,)r >th sides of the membrane gradually rise to approximately tbe same 
'<iluo. Thus, the membrane is prevented from rupturing by keeping tbe total 
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them by 2 y 8 inch diameter rubber “0” rings (Figs. 2 and 3). Each plate has 
a tube for the entrance and exit of a gas and a thermometer well. A wire screen 
is placed inside of each *‘0” ring to prevent the membrane from buckling. 

2. Manometers .—The pressure of each entrance and exhaust gas is meas¬ 
ured with a mercury manometer. 

3. Floivmeter .—The flow rate of the gas in the oxygen exhaust line is meas¬ 
ured with a 1,000 c.c. per minute capacity rotameter! and the flow rates of the 
carbon monoxide entrance and exhaust gases are monitored with 45 c.c. per 
minute capacity “Tri-Flat” flowmeters.® 



Fig. 1.—Diagram of technique used for measuring the permeability coefficients 


of membranes 


4. Temperature Control .—The entire diffusion chamber is immersed n 
water bath which maintained the temperature at 30 ± 0.5° C. 

5. Gas Analysis .—The gas leaving the oxygen side of the chamber 
lyzed with a Stalexf carbon monoxide analyzer for the amount of car o 
oxide present in the sample. 

6. Membrane Thickness. — The thickness of each piece of membrane is n ^ 
ured -with a dial micrometer.* This is important since there is often a ^ 
variation in the actual thickness of a membrane than that listed bv d‘ e m 
facturer. Also, the thickness of many of the membranes is not uniform. 


•Fisher and Porter Co., Hatboro, Pennsylvania. 
fSIodel Sl-2, Stalex Corporation, Stockholm, Sweden. 
jAIodel 55412, B. C. Ames Co.. Waltham, Mass. 
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PROCEDURE 

After the thickness has been measured, a 7 cm. by 7 cm. piece of the mem¬ 
brane is placed in the diffusion chamber between the rubber “O’ rings and 
the chamber is bolted together and immersed in the constant temperature bath. 



Fig 1 2 —Diffusion chamber disassembled 



3 Diffusion chamber assembled with thermometer and thermocouple in place. 

The temperature in the chamber is controlled at 30° ± 0.5° C. by a thermo¬ 
couple placed in one of the thermometer wells. Oxygen is then slowly passed 
tluough one side of the chamber and carbon monoxide through the other. The 
ucedle valves on the exhaust lines are then simultaneously adjusted so the pres- 
s urps on both sides of the membrane gradually rise to approximately the same 
a ue Thus, the membrane is prevented from rupturing by keeping the total 
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pressure gradient across the membrane negligible, although the partial pressure 
difference of each gas across the membrane is greater than one atmospliere. 

After steady conditions have been obtained, recordings are made of the 
temperature of the chamber, the pressure in all of the four gas lines, and the 
flow rate of the gas leaving the oxygen side of the chamber. A sample of this 
exhaust gas is then removed with a needle and syringe and injected into the 
carbon monoxide analyzer which automatically records the amount of carbon 
monoxide present in the sample. 15 Thus, an entire experiment can he performed 
in less than 30 minutes. 


sample data and calculations 


The following data illustrate the reproducibility of the results: 


Membrane: Cast Teflon 
Thickness (t) (mm.) 

Temperature (T) (°C.) 

Pressure of oxygen exhaust (p D ) (cm. Hg) 
Pressure of CO inflow (p A ) (cm. Hg) 
Plow rate of oxygen exhaust (Yd) 
(c.c./sec.) 

Surface area of membrane (A) (sq. cm.) 
Mol fraction of CO in oxygen exhaust 
( x d) 

Atmospheric pressure (Po (cm. Hg) 
Permeability constant 

(c.e.-mm./see.-cm. Hg-cm. 2 ) 


Sample 

Sample 2 

Sample 3 

.0127 

.0063 

.0127 

30.3 

29.5 

29.7 

20.0 

19.5 

20.0 

20.0 

19.5 

20.0 

S.53 

3.33 

3.70 

28.18 

28.18 

28.18 

.000138 

.000655 

000319 

75.5 

75.5 

75.5 

6.31x10-° 

5.80 x 10'° 

5.71 x 10-° 


RESULTS AND DISCUSSION 


The evaluation of membranes in oxygenators has been expensive and 1 1 
cult, requiring large sheets of the plastic, animals, blood, etc. These pioblem s 
have been compounded by testing different thicknesses of the same memhxanc 
as though they were different membranes. By using the concept of a pcniic 
ability coefficient, small pieces of experimental membranes can be tested easi y 
Since the permeability coefficient is expressed as though all membranes v 
1 mm. thick, the necessity for testing different thicknesses of the same memluanc 
is eliminated. However, the thickness of the membranes commercially a\ai a > 
must be considered when making a final practical evaluation. 

In using a dynamic system, such as described, to measure permeability co 
efficients, a minimum gas flow is required to prevent streaming and stagnation 
in various parts of the apparatus. This manifests itself by yielding lonei aw 
erratic diffusion rates when the flow is below the minimum value. 3be cal 1 
monoxide permeability coefficients of several membranes are plotted as a f unc 
tion of gas flow rate in Fig. 4. Above a flow rate of approximately 10 c.c. 


r 

p 

p 


•For Sample 1 the calculation was: 


(273) 

- (T + 272) 
(273) 

/Po + pp\ 

/ xnVr> 

—) • 

l ™ ) 

(7.7..-. + 20-0) 

yA (Po + 
(.00013S) 

p.) / 

(S.53) (.0127 ) 

~ (273 + 30.3) 

— 6.31 X 10'® 

(76) 

c.c.-mm. 

( 2S.1S) 

(75.5 + 20 0) 

sec.-cm.--cm. 

Hi * 
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per minute, the permeability coefficient is relatively independent of flow rate. 
This minimum flow rate is probably a function of the physical design of the 
apparatus and should bo determined for each apparatus. 

The permeability coefficients of several previously studied membranes were 
obtained for comparison with many new types of membranes which were tested. 
The most promising of these are E. P. Pormax, c N. P. Pormax," and micro¬ 
polyethylene.’ 5 ' These “maeroporous” membranes are especially prepared by 
mixing inert molecules, such as starch, with the plastic formula. After the 
plastic sheets have been prepared, the starch molecules are leached out of the 



Gas Slow) Tate (Vd) 
(cc/sec.) 


Fig. 4 .—Permeability coefficients as a function of gas flow rate as measured with this 

apparatus. 

membranes, thereby leaving tiny “pores'’ in the membranes. The diameters 
of the “pores” can be varied from 3 to 300 miera by using inert substances 
having different molecular sizes. The per cent porosity of the membranes can 
be varied by altering the per cent of inert material added. These studies have 
shown the permeability of these new membranes to be more dependent on the 
Pore size and per cent porosity than on the type of plastic used. 

Table I lists the carbon monoxide permeability coefficients determined with 
Ibis apparatus and the coefficients for carbon dioxide obtained from the litcra- 
tln °- Since the ratio of the permeability coefficients of two gases is relatively 
constant for almost all membranes, comparison of the ratios of the carbon 
monoxide permeability coefficients to those of carbon dioxide and oxygen pro- 
'icles a measure of the reliability of the data. 

The permeability data obtained with this simple apparatus and technique 
"mianted the further development of the experimental maeroporous membranes 
nncl led to its production in larger sizes. 

g Partial perfusions of dogs with a small prototype oxygenator, using Teflon, 
•—nstic, and N. P. Pormax membranes, were performed. The partial pressure 

‘Supplied by Dr. Howard J. Strauss. HSR—Reeves Co., Rlenside, Pa. 
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Table I* 


-*-• VJJ Uiuuxiue 

Polyethylene 

Cellulose acetate butyrate 
(Kodapak II) 
Ethylcellulose (Ethocel) 
Tetrafluoroethylene (Teflon) 
Natural rubber 
Silicone rubber 
(Silastic S-2000) 

NT. P. Pormax 
E. P. Pormax 
Jlicro-Pormax 






Pco, 

P CO j 

^co 

MEMBRANE 

Pco 

Po ; 

P CO, | 


pZ 

Pco, 


1.2 

— 

12W 

--- 

— 

0.10 

2.5 

4.Hc 

1816 

4.4 

0.6 

0.14 

3.2 

_ 

35i6 

__ 

_ 

0.09 

5.4 

10m 

43io 

4.3 

0.54 

0.13 

5.8 

— 

.- 

_ 

— 

— 

18 

32.7ic 

16316 

5.0 

0.55 

0.11 

.373 

650i° 

3,400w 

5.2 

0.58 

0.11 

13,000-16,000 

— 

__ 

- 

_ 

— 

15,000-25,000 

— 

_ 

_ 

— 

— 

22,000-40,000 

— 

— 

-- 

— 

— 


■ v. wi.v _ ZZ,UUU-4U ,UUU — — _ — — 

‘Permeability coefficients at 30° C. P. = c.c.-mm./sec.-cm. 5 -cm. Hg- X 10’ corrected to STP. 


of the oxygen in the blood leaving and entering the animal was continuously 
monitored with oxygen electrodes. 21 Thus the effects of varying blood and 
oxygen flow rates and pressures could he noted immediately. 

The average oxygen uptake for 0.00015 in. thick Teflon was 15 c.c. per 
minute per square meter. This compared with the average uptake of approxi¬ 
mately 12 c.c. per minute per square meter reported by Pierce. 19 Silastic, 
0.0068 in. thick, provided an uptake of 24 c.c. of oxygen per minute per square 
meter. Using lX'. P. Pormax with average pores of 8 to 12 mi era, the oxygen 
uptake initially was over 35 c.c. of oxygen per minute per square meter when 
the oxygen pressure was one atmosphere. Because of the large pore size, howevei, 
blood rapidly leaked through the membi’ane into the oxygen chamber’s. This was 
only partially corrected by eliminating all wetting agents from the formulation 
but blood continued to “ooze” through when the pressure of the blood was 
greater than 30 ninr. Hg. Inherent resistance to flow of blood in the oxygenator 
demanded a pressure greater than this. By increasing the oxygen pressure, the 
ooze could be further decreased and the oxygenation greatly increased. Hou- 
ever, at a critical pressure, fine bubbles would appear in the blood. Presently 
new membranes are being prepared with smaller pores for evaluation. 


SUMMARY 

The advantage of using the concept of a permeability coefficient for indi¬ 
cating the relative permeability of different membranes to gases is described 
along with a simple apparatus and technique for determining the coefficients. 
This method permits the rapid screening of new membranes for possible use 
in a membrane oxygenator without testing different thicknesses of the same 
membrane or using an oxygenator with all the problems and expense it entails- 

The pei’ineability coefficients of several standard membranes and new plastic 
membranes containing “pores" which can be varied in diameter from 3 to 300 
micra are listed and the membranes described. 

Preliminary tests in a prototype oxygenator indicate these new membranes 
have superior oxygenating capacities hut need development of membranes with 
smaller pore sizes. 
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TEMPERATURE COMPENSATED, SELF-CALIBRATED OXYGEN 
MONITORING DEVICE* 


/esse H. Meiedith. Al.D. (by invitation). ]obn H. Aitesani. B.S. 
(by invitation). and Joseph H. Alamhn, B.S. (by invitation), 
Winston-Salem. N, C. 


T he oxygex coxteyt ot blood during procedures involving extiacoiporeal 
circulation lias presented many new problems and challenges in medical in¬ 
strumentation. One of the problems is the continuous monitoring of oxygen tension 
(in both venous and arterial blood) during extracorporeal eheulation One 
method ot oxygen determination is polarography. The polarographic method 01 
chemical analysis, invented by .Jaroslav Heyrovskv, 1 is based on the unique 
characteristics of the current-\ oltage curves obtained when solutions of electro 
oxidizable or electro-reducible substances are electrolyzed in a cell in "hicli one 
electrode consists of mercury falling dropwise from a capillary glass tube Fioiu 
such current-voltage curves it is possible not only to identify but also smni 
taneously determine the concentration of several or all the ledueible 01 exit \i 
able substances present, i e . simultaneously obtain a qualitative and quantitative 
analysis of a solution. One branch of polarography involves the use of t ic 
amperometrie method This method is used to indicate concentration measuie 
meats based on the measurement of electrolysis current at a constant poten < 
of the indicator electrode With tins method the eleetroh sis cm rent is dueO 
pi’oportional to the concenti - ation of the elements being measured Foi the ie 
termination of oxygen concentration, a constant potential of 0 6 volts is mam 
tallied across the electrode The electrode consists of a platinum cathode an a 
silver-silver chloride anode immersed m electrolyte The electrolyte is a satma - 
solution of potassium chloride The use ot this method was limited to m " ™ 
sampling until the adaptation bv f’larke and associates 2 of a gas peimcaic 
membrane to the electrode As the result, the continuous determination o 
blood owsen tension in vivo became a icalitv Hovvevei, because of contcn 
tion-tempevatme relationships (Fis 1) it was neeessaiv to pcitonn deteimma 
tions in a solution maintained at a constant temjjeiatuie to avoid 1 wim- 
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distortion. This paper describes an instrument which permits the continuous 
monitoring of oxygen tension by the polarographic (amperometric) method 
with automatic compensation for the temperature characteristics of the oxygen 
electrode. In addition, a method for introducing the polarographic electrode 
into the blood under sterile conditions is described. 

PHYSICAL DESCRIPTION 

The monitoring system is divided into three parts, (1) the oxygen electrode, 
('2) the cuvette for the introduction of the electrode and temperature detection 
of blood, and (3) electronic circuitry and read-out which allows both direct 
read-out and recorder output. During the original development of tliis in¬ 
strument, the Clarke 2 electrode was used. This electrode was used during the 
original clinical perfusions also. We are. however, developing an experimental 
oxygen electrode which is an integral part of the monitoring cuvette. The 
cuvette® is a plastic (Teflon) cube. A stainless steel tube is introduced through 

o 2 electrode 

TEMPERATURE EFFECT UNCOMPENSATED 



the Teflon cube. Perpendicular to the stainless steel tube is a chamber, at one 
oi k 1 of which is an opening tangent to the stainless steel ttibe (Fig. 2). The 
electrode is inserted into the chamber. The surface of the electrode membrane 
Pioduces a tangent to the contour of the stainless tube. Also perpendicular to 
‘lie stainless steel tube and parallel with the electrode chamber is a hole into 
"liich is inserted a bead-type thermistor to make physical contact with the 
stainless steel tube. For clinical applications the cuvette, thermistor, electrode 
membrane, ‘*0” ring, and electrolyte are autoclaved. The electrode is soaked 
m a s °l ll tion of detergieide. The electrode is then assembled and introduced 
mta the cuvette under sterile conditions. The cuvette is then placed in series 
". ,th tlle arterial and/or venous line (Fig. 3). The description and evaluation 
- 1 an a utoelavable electrode will be described in a subsequent paper. 
tArsiirruTi 1 >>- I„eon L. Middleman. "Winston-Salem, X, C. 
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The electronic read-out poi’tions consist of an entirely portable, batten- 
operated, and transistorized unit (Fig. 4). The amplifier portion is a transis¬ 
torized differential DC amplifier. The direct read-out portion consists of a 5- 
ineh meter (Fig. 5) which is calibrated in units of millimeters of mercury on 
four scales which are as follows: 0-75, 0-150, 0-300, 0-750. The recorder 




3.—-The assembled cuvette. 
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output portion consists of a single transistor amplifier capable of delivering 
sufficient output to drive most conventional recorders. 

The depolarizing oxygen potential of 0.6 volts is supplied to the electrode 
from a battery circuit and the potential maintained within the depolarizing 
potential of oxygen by means of zener diode voltage regulator 


k 


I 



Pig. 4 —Photograph of unit 



Fig 


—Photograph of meter face 


(Pi- P ei f. i r compensation is achieved by the inclusion of a thermistor 
tcmperatn, * * 1S ph - vsicall - v locatRcl in the cuvette. The requirements for 
therniistm 1 C0mpensatl0u Vla thermistor are that the ratio of resistance of the 
feat outmit nf f eat , aS 01 ‘ ^' eater than the catio of the change of eur- 
cmplifie,. !n„fi I- 0 elRCtr ° de due t0 temperature. The differential DC 

nu,spheric dn!! n aSSU1 ‘ eS ^ °P eration even in the presence of at- 
chan^es. Tlie unit is standardized by exposing the electrode to room 
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air. Under these conditions the standardized control is moved until the partial 
pressure of oxygen present in I'oom air is indicated on whichever of the four 
scales is desired. This method of standardization allows stable operation of the 
electronic circuitry regardless of the full scale range selected. The use of a 
transistorized circuit has resulted in several advantages: (1) the adaptability 
of a power supply which allows the unit to become completely portable and 
eliminates the necessity of power connection, (2) the physical size of the transis¬ 
tor circuitry allows the unit to be compact and easily portable, (3) the exception¬ 
ally low power requirements of transistor circuitry permits extended battery 
life. The device will operate for approximately 1,000 hours without battery 
replacement. In addition, the operation of a push-button type switch allows 

O z ELECTRODE 

TEMPERATURE EFFECT ELECTRONICALLY COMPENSATED 
300 

250 

20 0 

mmRg 

150 

100 
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5 10 15 2 0 25 3 0 35 4 0 45 

"C 

F‘ff- 6.—Graph showing oxygen tension versus temperature with electronic compensatlo 

the periodic checking of the batteries. Although this system was designed and 
developed for use during total body perfusion and this paper will he con met 
to that application, several other applications of the device have been no e 
and are being currently appraised. They are: (1) monitoring of 0; dunn 0 
regional perfusion for cancer chemotherapy, (2) the location of shunts duim 0 
cardiac catheterization, and (3) as part of an experimental instrumentation 
system for the determination of 0 2 consumption of various organs in vivo. 0 
purposes of total body r perfusion, a double unit is used; one continuously m 
dieating the oxygen tension of arterial blood and the second unit continuous 
indicating the oxygen tension of venous blood. The electrodes are standaidiw' 1 
in room air under sterile conditions prior to their insertion into the emetfo- 
They' are checked in blood during a recirculation period. During this time >o 
the venous and arterial oxy'gen tension will be identical. This reading during i 
circulation allows the adequate pre-perfusion oxygenation of the priming b oo^- 
During the initial use of this instrument during perfusion, it was noted that '<* 
oxy'gen tension of donor blood remained relatively low for a long period of tim c 
even during recirculation. This period of low oxygen tension during recircu nlion 
and oxvgenation is a result of oxygen uptake by the hemoglobin with a mmm - 


- 

- 
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elevation of the partial pressure of oxygen. By periodic sampling or the use 
of a continuous pH monitor, it was demonstrated that during the period of 
recirculation the pH of the priming blood increased. As a result of these ob¬ 
servations the degree of oxygenation of priming blood and the control of pH 
was maintained and brought to normal point prior to the time of going on 
bypass. Close contact is maintained with the surgeon upon going on full bypass. 
The venous oxygen monitor is watched for the first bolus of patient blood 
passing through the cuvette. This bolus of blood will give an indication of the 
patient’s venous oxygen tension. During normothermia this level is readily 
maintained; however, during hypothermia and severe hypothermia, a decrease 
in venous oxygen tension has been noted. This decrease in plasma oxygen tension 
is reasonable when one considers the increased combining power of hemoglobin 
at a lowered temperature. 

The oxygen monitor has been used during clinical perfusions and laboratory 
experiments. It has been found to be a valuable instrument which allows con¬ 
tinuous monitoring of this vital parameter. 

SUMMARY 

This paper describes an instrument which permits the continuous monitor¬ 
ing of oxygen tension in vivo during normothermia and severe hypothermia. 
A method for introducing the detecting device into blood under sterile conditions 
and the electronic circuitry are described. 
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PULMONARY ARTERIAL HYPEROXIA PRODUCING INCREASED 
PULMONARY VASCULAR RESISTANCE 


Peter V. Moulder, M.D., Joseph R. Lancaster, M.D. (by imitation), 
Robert IF. Harrison, M.D. (by invitation), Stephen L. Michel, B.S. 

(by invitation), Mark Snyder, M.D. (by invitation), and Richard G. 
Thompson, Al.D. (by invitation), Chicago, III. 


T he relationship of oxygen and lack of oxygen to the pulmonary circulation 
has been intensively studied in the laboratory and the relationship has been 
further used in cardiac catheterization studies, as veil as being applied to 
clinical medicine. In 1946 von Euler and Liljestrand 1 first demonstrated tie 
effect of hypoxia on the pulmonary circulation with the induction of pulmonaiy 
hypertension. This was further demonstrated in normal human beings and m 
patients with disease of the pulmonary vascular circulation in 1947 by J ot e> 
and Command, 2 and by many others 3 ’ 4 - 5 in subsequent years. There lias no 
been a clear-cut refutation of this effect of hypoxia in human studies. Helen 
Duke 0 has demonstrated this same hypoxic effect in elaborate perfusion an 
cross-circulation experiments in cats. Others have found this reaction in eats > 
rabbits, and dogs. 2 ' 10 Although there are still repeated observations on hypoxia 
increasing pulmonary vascular resistance, there have appeared recently a Rw 
studies 11 " 14 which show no such effect. The most critical and neatest set o 
observations were those of Nahas and co-workers 11 in unanesthetized dogs tram 
for study in whom the effect of hypoxia in chamber breathing revealed no in¬ 
creased pulmonary vascular resistance. This study emphasized the fact a 
the Fick method of measuring cardiac output was unreliable in these unstea . 
states of hypoxia and that the dye curve method of Stewart and Hamilton 
the most useful system. Nahas demonstrated that, although the puhnonai.' 
pressure became elevated, it was merely a reflection of an increased cai i ac 
output and that there was little change in the vascular resistance in the lu , ig ! >. 

There has been little or no experimental work on the effect of oxygen at t 'C 
pulmonary arterial level. There have been sporadic studies related to inspuiK 
oxygen concentration changes and to systemic-pulmonary shunts. Brea e 
100 per cent oxygen, as well as the injection of certain drugs, such as ace j 
choline and aminophylline, has been used to demonstrate lability of the P u 
monary vascular bed in the patient with pulmonary hypertension. Ferguson 
and Varco 13 ’ 10 and Muller and Dammann 17 have studied the effects of sis em 
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to pulmonary arterial shunts on the pulmonary circulation, and, in general, 
the attempt to produce pulmonary hypertension without the separation of a 
lobe from the pulmonary circulation has been disappointing. Studies of large 
left-to-right shunts from the systemic circulation to the right atrium in this 
laboratory 15 have shown minimum effect on the pulmonary vascular resistance. 
In the studies in dogs by Boake, Daley, and McMillan, 19 in 1959, studying the 
effect of a partial reoxygenated circulation (extracorporeally produced) in re¬ 
versing hypoxic-induced pulmonary hypertension, a slight increase in pulmonary 
arterial pressure was noted when the extracorporeal circuit was added to the 
normal circulation. 

These experiments were planned to approach complete control of the blood 
and atmospheric oxygen concentrations contacting the pulmonary vascular 
bed so that the inter-relationship of these two could be studied. The findings 
of a tremendous increase in pulmonary vascular resistance with the introduction 
of oxygenated blood to the pulmonary circulation has overshadowed the study 
of the relationships of inspired gas to blood-gas concentration. 


method 


Healthy mongrel dogs, weighing from IS to 22 kilograms, received 2 mg. per 
kilogram of morphine sulfate subcutaneously followed by Thiobarbital (2.5 per 
oent ) administered intravenously until light anesthesia was obtained. Open 
tracheostomy with a large, securely-fitting metal cannula allowed complete 
control of the gas mixtures used for ventilation. The gas was delivered from 
tanks containing various percentages of nitrogen and oxygen and an intervening 
Rattenborg 20 valve, which allowed for dissipation of the expired gas and con¬ 
tinuous replacement of the inspired gas with the planned concentration from the 
gas cylinder. With the thorax open, ventilation was performed manually at the 
rate of 18 per minute with sufficient volume to bring the lungs to the chest wall. 
Right thoracotomy through the fifth intercostal space was performed and 
eannulations with large bore catheter's were made as follows: through the 
a z>gos vein—right atrium and right ventricle; through a small branch of the 
Pulmonary vein—left atrium; and through a branch of the pulmonary artery— 
central pulmonary artery, and a separate catheter placed with this was used 
or withdrawing pulmonary arterial blood samples for analyses. Statham P23G, 
J, or P23DC pressure transducers were used and all records were taken 
011 <> six-channel Grass polygraph with Lead II electrocardiogram. 

t), ' ll( i° e . van ine green dye dilution curves were performed for estimation of 
Je caidiac output. These were recorded on a Texas direct writing rectilinear 
~ a ' ail0 ” ie ter at a paper speed of 12 in. per minute. The dye was injected 
' ” lt0 ^ 1C ventricle and blood was withdrawn from the thoracic 

tdj; at 8 Vnte °f 80 ml. per minute. Gilford withdrawal syringe and densi- 
o 1 " ere used. Sodium heparin was given intravenously at a dose of 
per kilogram just before instituting extracorporeal circulation. Can- 


nulati, 


ons were performed as follows: the superior vena cava was drained 



590 


MOULDER ET AL. 


J. Thoracic and 
Cardious. Surp 


via a large catheter passed through the external jugular vein to a point above 
the azygos vein in the superior vena cava with total occlusion by tape tie 
obtained when bypass was instituted; a large bore catheter was placed in the 
inferior vena cava after it was ligated and opened to assure total bypass; 
venous blood was drained by gravity to a well; shunted blood was returned 
from an overflow well system at a constant level above the right atrium da 
a large catheter in the right atrial appendage, and the overflow from this 
double funnel system drained to a well parallel with the caval drainage one. 
These were then pumped by means of a Sigmamotor TM4 pump through a 
Brown-Harrison heat exchanger and Abbott stainless steel mesh filter to the 


Cannula in sup. 

vena cava from , nciscd pcrlcardium 

/uoufar v. ‘ ' 





Fig-. 1.—Position of blood catheters and measuring- cannulae. A. ^S» r i n €„val can nU ! aC 
catheter positions are such as not to interfere with motion of lung. B, The c t ,. c * er g for 
positioned to ensure complete venous drama ere. C, The sites of the various 
pressure measurements and other studies. 


constant level reservoir. For oxygenation of the venous blood, the blood 10 
the two wells was shunted through a double set of bubble oxygenators, 11 m 
Paks,* 1 and thence returned to the venous overflow reservoir for subscq^ 
return to the right atrium. Fig. 1 demonstrates the relationship of these van 
catheters in the chest and in Fig. 2 the extracorporeal setup for ic!lll ^ n ^ 
venous blood or oxygenated blood. The pump speed is fixed to produce c0 ” s .‘ j 
overflow at all times and the system primed with fresh, compatible, hepaimn^ 
dog blood. Temperature control was maintained with the use of the 
changer in the circuit and temperatures were monitored with a 5 ellow • P 1 
telethermometer by thermistor probes in the constant level reservoir, rcc 


and in deep neck muscle. ^ ^ ott 

*Pulmo-Pak bubble oxygenators were generously supplied by Dr. Rodney Gwinn of A 
Laboratories. 
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After cammlations were completed except for the one in the inferior vena 
cava, the control readings were obtained. After cannulation of the inferior vena 
cava and the initiation of simple bypass, the level of the constant reservoir was 
adjusted to reproduce nearly right atrial and systemic pressure without elevation 
of right ventricular diastolic pressure. This was surprisingly constant at a level 
of 20 cm. above the table and about 10 cm. above the superior vena cava-right 
atrial junction. Electrolyte and acid-base chemical analyses and microhemato¬ 
crit determinations were performed on thoracic aortic blood by standard meth¬ 
ods 21 ; blood oxygen saturation and C0 2 content were determined by Van Slyke 
procedures 22 on thoracic aortic blood, pulmonary arterial and venous well blood 
to represent mixed venous sample when bypass oxygenation was instituted. 



v;hich ah -'diagrammatic presentation of the various elements in the extracorporeal circuit 

reservoir -fi £ eturn of venous blood or oxygenated blood from a constant level overflow 
*r with Brown-Harrison heat exchanger for temperature control. 


RESULTS 

1 Eleven useful experimental preparations were obtained (if the procedure 
13 been excessively traumatic or pressure pulse curves were not adequate for 
3 11 ' ’ or ^ there had been a period of failure or difficulty with the heart, the 
ivitl ' " ^ DOt r ' ont ' nue, i)- Ten of these animals were prepared as just described 
AV g ? n irreversible bypass in which certainty of total venous circulatory bypass 
pro CCSUed (exclusive of coronary venous blood). However, one animal was 
°pai ed lor reversible bypass in which the inferior caval cannulation was per- 
nn(>cl through the right atrial wall. 

Patter! ]0 d ° gS " Uh ilTeversible b >Tass, there were slight variations in 
iii" H " FU ' St ’ the initial searching studies were primarily aimed toward studv- 
10 le,!ltl01 ' s of expired blood gas and, as the hyperoxygenation effect was 
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noted, the pattern of study was modified accordingly. Measurement of pul¬ 
monary wedge pressure, in order to see an effect on the pulmonary veins between 
pulmonary wedge and left atrium, was attempted, hut good curves were obtained 
so infrequently that these data are useless. Use of overflow blood as an indicator 
of cardiac output proved to be a surprisingly misleading method: the pump was 
set at a fixed output, the amount of blood from a timed collection in the over- 


PULMONARY ARTERIAL OXYGENATION-CENTRAL VASCULAR 
PRESSURES a RESISTANCE 



!• 

, „ , 1 U 

LA i 

. X 

•a 

LA Slffrjj.’/, 

i ; ,' 

n ' 

RV .._ 

r 

RVH — 

i> \ - * 

\ 

it 


M 

, 4 

a r 

R A lAtf j'j - - 

. 1 

41 

RA ’b 

PA XVU— 

IS 

- t 

PA- 



LA 




V-RA-* V 


®.— 


i 


AORTA 




AORTA^VAV" 

’ «' tt 

ecg , 4 j ' j ' j ecg - 



/ib 

RA.W 

PA - -- 


CONTROL 

C-Ofb^iN) 1.47 
R (ds.cmS) 871 


Si 


Spa 


0 2 


Oz 


40% 

35% 


BY 

STRAIGHT 
1.97 
II 37 
40% 
25% 


AORTA 
ECG^- xjJ 


PASS 


OXYGENATOR ON- 


1.01 

4752 

40% 

95% 


Fig-. 3 —Reproduction of segments of the original pressure pulse Untamed on a ‘J 0 ? 
values and calculated cardiac output and pulmonary \ .iscular resistances o of 0VJg -en a ten 

developing a lethal increase m pulmonary vascular resistance under the srmm ^ rec0 itimp 

blood. The use in pulmonary arterial pressure is seen in the central pa 
at slow speed. 

flow system subtracted from the predetermined output of the pump, aI j c ^ ^ 
from the reservoir to right atrium was calculated; however, this P r0 ' e( 
unrelated to dye dilution curve studies. Second, some of these amnia s - 
the run actually died from the induced pulmonary hypertension. ^ 

graphically demonstrated in Fig. 3, in which an animal with abnonna . ^ 

Initial resistance of 871 dyne sec. cm.' 5 , associated with a pulmonary ^ 

oxygen saturation of 35 per cent, shows an increasing resistance o , ^ 

bypass and, with oxygenation, a striking increase m pulmonary ai . ^ () , e 

demonstrated on the slow speed record of pressures. After a rim dmJS 

In-pass with oxygenator, there is a decrease m cardiac output with . tllC 

increase in vascular resistance to 4,752 dyne see. cm.- Slioitfc 
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right heart failed aud death ensued. Third, the use of S per cent oxygen in 
the inspired gas concentration produced a pattern of such rapid deterioration 
that an adequate study could not be performed: therefore, in subsequent experi¬ 
ments. stabilization at higher oxygen concentration was performed first. 

Three experiments were performed in almost precisely the same pattern. In 
these three, there were nine separate stages of study: ( 1 ) control run without 
bypass with the animal breathing 40 per cent oxygen: ( 2 ) simple bypass, breath¬ 
ing 40 per cent oxygen-. (3) bypass with oxygenator, breathing 40 per cent 
oxygen: (4) bypass with oxygenator, breathing 8 per cent oxygen: (5) bypass 
with oxygenator, breathing 100 per cent nitrogen, no oxygen: ( 6 ) bypass with 
oxygenator, breathing 20 per cent oxygen: (71 simple bypass, breathing 20 per 


cent oxygen: (S) bypass with oxygenator, breathing S per cent oxygen: and 
*91 simple bypass, breathing S per cent oxygen. Three readings were made in 
the ninth stage before termination of the experiment and. because of the low 
oxygenation, usually pre-terminus in the animal. Table I lists these data ob¬ 
tained on the 3 animals carried through this experiment. 

One experiment was performed as described with ability to come off the 
oxygenator and bypass completely, and this served to corroborate the findings 
"ith the irreversible bypass. 


In general, on the circulatory bypass, with or without oxygen, there was 

■onie increase in pulmonary arterial pressure and pulmonary vascular resistance. 

( ' s demonstrated in Fig. 4. in which the various stages, as just described. 

on , ie 3 strictly comparative animals are presented, with variations from the 

contiol measurement base line averaged ancl graphed in percentage deviations. 

- 1 a times on the bypass, the 3 animals showed increased pulmonary artery 

numis left atrial mean pressure and increases in total pulmonary- resistance with 

niiooi variations in cardiac output. However, the presence of the oxygenating 

v\as associated with the most marked increases in vascular resistance. 

s ere ls a suggestion in the pattern seen in stages 3. 4. and 5. in which the re- 

*'uV<q °'^ traS . 0 X 'T en concentration was decreased, that there might lie an additive 

rarih- 0 * dle . Pls P" ne d I°' v gas oxygen concentration. However, this was not nec-es- 

tvoti/l f ) nie ot ^ ei experiments and. since there is variation in the S rAo _. this 

one - attem Pting To extract too much from the data with reference to this 
* anabJe. 


Th 

e |f. ct C ^Penmental setup was associated with a remarkably stable pulse, 
'fata Ca ‘ dlo f ram - and central aortie pressure, which lends validity to these 
from one 5 ’ i PrCS<? " tS seglnents of the Pressure curves and electrocardiogram 
ai t}lis • '’ Uei1 ex Perunent (right ventricular pressure was on another polygraph 
ntss nf o' 10 " h0n 3 lnlImo,lar - v wecl ge pressure was being sought). The useless- 
>netx.., ‘: 10 ", ed?e Curve thr °U!rhoiit the experiment is apparent. There is an 
tmed -md ” C aud meau P ulmonar - v arter - v Pressures when bypass is insti¬ 
ll* 0 ;;„ ‘r T U TT " ith the ox - vgenator - Tbm is a reversion with 
mb:,,'' 1? '• although tlle - v rcma in higher than those prior to institution 

saiA Zn , The lm p ortance of the recording of left atrial phasic and mean pres- 

dv> rken ,U ! C tlUrd 3nd fonrth Panels "' hon the a *™l Pressure has 

5 the Pulmonary artery pressure and accuracy can be obtained 


594 


MOULDER ET AL. 


j. Thoracic and 
Cardious. Sure. 


blood 




TEMPERATURE 

MIXED 

VENOUS 

PULMONARY 

ARTERY 

AORTA 

CIIEMIS 




(°c.) 



CO., 


co 3 


CO; 

(mEq. 

DOG | 
NO, 


REC¬ 

TAL 

MUS¬ 

CLE 


0-. SAT. 
(%) 

(VOL. 

%) 



0. SAT. 
(%) 

(voi¬ 

re) 

CONDITION' 

RLOOI) 

(%) 

%) 

Nil | K | 

i 

Control Run 
Pre-Bypass 

37.0 

37.0 




40.88 

40.88 

95.62 

27.63 


2 

Breathing: 

60% N—40% 0 = 

37.0 

37.0 

- 

- 

- 

32.4 

- 

95.9 

- 

- - 

3 


_ 

35.0 


_ 

_ 

60.83 

31.25 

85.11 

31.02 

- - 

1 

Straight Bypass 
Breathing : 

36.2 

36.5 

38.0 

_ 

_ 

43.84 

33.18 

87.49 

28.09 

139 4.5 

2 

60% NV— 40% CL 

37.2 

37.5 

38.0 

_ 

_ 

49.33 

32.73 

100.43 

23.18 

145 3.3 

3 


_ 

36.2 

38.0 

_ 

_ 

53.94 

28.90 

86.15 

22.63 

144 4.S 

1 

Bypass Oxygenator 
On Breathing: 

36.6 

36.7 

37.8 

43.31 

32.53 

96.01 

20.23 

95.57 

20.18 


2 

60% N—40% CL 

37.0 

37.8 

38.5 

52.23 

29.44 

94.76 

22.11 

9S.79 

17.96 

- " 

3 



36.5 

37.2 

60.13 

24.16 

80.25 

22.56 

100.79 

15.57 


1 

Bypass Oxygenator 
On Breathing: 

36.6 

36.5 

37.5 

44.72 

27.86 

91.33 

18.94 

91.09 

18.15 


2 

92% N,—8% 0 2 

37.0 

38.0 

38.4 

46.64 

26.46 

89.94 

18.49 

89.51 

16.70 

— " 

3 


— 

36.2 

37.0 

50.05 

24.51 

106.83 

17.20 

94.84 

15.36 

_ILL— 

1 

Bypass Oxygenator 
On Breathing: 

36.5 

36.4 

37.7 

46.13 

26.95 

101.22 

20.72 

S9.93 

17.54 

- - 

2 

100 % N, 

37.3 

38.2 

38.0 

30.87 

23.48 

97.40 

19.27 

67.89 

14.08 

— "* 

3 


- 

37.0 

37.0 

41.45 

22.09 

98.23 

16.25 

91.68 

15.45 



Bypass Oxygenator 

1 On Breathing: 3G.5 3G.4 37.7 - 


2 80% N*—20% 0 : 37.4 38.1 38.0 


3 - 37.0 38.0 

Bypass Oxygenator 

1 Off Breathing: 36.2 3G.6 38.0 

2 80% N,—20% O, 37.0 38.0 38.2 


3 _ 37.0 38,0 

Bypass Oxygenator 
1 On Breathing: - . 


53.58 24.29 
43.24 23.GS 
23.10 27.82 


70 22.80 141 4 - r ’ 

93 20.30 1U 3,0 
IS 21.3313S_J£. 


o 

3 


92% N.—8% 0 : 37.0 38.0 37.5 



(Continued on next paves.) 


Voi 40, No. 5 
November, 1960 


PULMONARY ARTERIAL HYPEROX1A 


595 


^ BLOOD 










TOTAL 

PULM. 

iMlSTRIES 

^SERUM 

3IG. %) 

.’a | p |xpN- 




PRESSURES (MM. Hg.( 

) 



RESIST- 

CELL 

VOLUME 

(%) 

PULSE 

RIGHT 

ATRIUM 

RIGHT 

VEN¬ 

TRICLE 

PULMO¬ 

NARY 

ARTERY 

LEFT 

ATRIUM 

AORTA 

MEAN : 
PA-LA 

CARDIAC 

OUTPUT 

(W 

MIN.) 

AXCE 

(DYNE 

SEC. 

CM.-3) 


47 

135 

2/0 

M = 1 

30/0 

30/8 

M = 17 

12/8 

M = 10 

120/90 

M = 100 

7 

1.23 

455 

_ _ 

52 

170 

6/0 

M = 2 

30/0 

28/10 

M - 13 

4/0 

M = 1 

140/110 
M --- 120 

12 

2.18 

440 

* 

45 

152 

4/0 

M = 2 

22/0 

21/5 

M = 10 

3/0 

M = 2 

90/60 

M = 70 

8 

1.56 

410 







2.5/-1 


30/19 

8/5 

140/105 




.u 

D.D 

“ 

- 

125 

M = 1.5 

30/0 

M = 25 

M = 7 

M = 120 

18 

1.33 

1083 


6.0 

28 



6/2 


30/15 

3/0 

160/110 




.5 

52 

120 

M = 4 

30/0 

M = 20 

M = 1 

M = 130 

19 

1.98 

768 



33 



4/0 


23/10 

3/0 

90/60 





45 

147 

M = 1.5 

25/0 

M = 13 

M = 2 

M= 70 

11 

1.74 

506 






4.0/2.5 


40/30 

15/8 

150/100 





** 

“ 

50 

130 

M = 3.5 

40/2 

M = 34 

M = 11 

M = 120 

23 

1.13 

1628 






9/5 


38/20 

5/0 

160/110 





~ 

~ 

49 

143 

M = 8 

38/2 

M = 27 

M = 3 

M = 120 

24 

1.79 

1073 






4/0 


26/15 

3/0 

100/75 




_ 


— 

41 

139 

M = 2.2 

26/0 

M = 18 

M = 2 

M = 85 

16 

1.70 

753 






4/0 


40/27.5 

10/6 

140/95 







46 

170 

M=3 

40/1.5 

M = 30 

M = 9 

M= 110 

21 

1.20 

1400 




49 


11/7 


43/27 

3/0 

150/100 







182 

M = 8 

43/3 

M = 35 

M = 1 

M = 110 

34 

1.98 

1374 






6/2 


35/25 

3/1 

100/80 




— 



47 

140 

M = 4 

32/0 

M = 27 

M = 2 

M = 85 

25 

1.97 

1015 




44 


4/0.5 


40/32.5 

11/7 

145/100 






“ 

170 

M = 3.5 

40/4 

M = 35 

M = 10 

M= 110 

25 

1.05 

1905 






5/2 


35/20 

3/0 

115/80 







52 

160 

M = 4 

37/0 

M = 25 

M = 1.5 

M = 100 

23.5 

2.09 

900 

_ 



45 


4/0 


35/27 

3/0.5 

85/65 




-—■ 

— 

_ _ 

170 

M = 2 

35/0 

M = 31 

M = 2 

M ~ 70 

29 

1.68 

1381 





170 

3.5/0.5 


45/32.5 

10/4 

135/100 








M = 3.0 

45/5 

M = 35 

M = 8.5 

M = 110 

26.5 

0.93 

2279 

- 





7/2 


35/20 

3/0 

105/75 







“ 

200 

M = 5 

N.G. 

M = 25 

M — 1 

M = 90 

24 

1.88 

1021 


_ ~ _ 

- 

- 

148 

6/2 

M = 4 

36/0 

42/26 

M = 32 

4.5/1 

M = 2.5 

95/60 

M = 80 

29.5 

1.91 

1236 

5.5 

6.6 


44 


8/5 


40/32.5 

12/8 

160/130 






170 

M = 6.5 

40/5 

M = 35 

M = 10 

M = 140 

25 

1.34 

1493 

9.7 

6.7 

33 


120 

6/3 


37/20 

6/3 

120/90 





52 

M = 5 

37/0 

M = 23 

M = 4 

M = 100 

19 

1.96 


--- 

—Z__ 

42 

45 

170 

2.5/0 

M — 1.5 

30/0 

30/20 

M = 25 

2/0 

M = 1 

80/55 

M = 60 

24 

1.97 


- 




150 

6/4 


40/32.5 

11/8 

140/110 







~ 

M ~ 5.0 

40/2.5 

M = 35 

M=10.5 

M = 115 

24.5 

1.15 

1704 

- 




ISO 

6/2 


28/17 

2/0 

70/40 







M = 4 

N.G. 

M = 22 

M = 1 

M = 60 

21 

1.76 

955 


— 

- 

-Z_ 

177 

4/0 

M = 2 

33/0 

37/27 

M = 31 

2/0 

M = 1 

so/co 

M= 70 

30 

1.52 

1579 





NO. | CONDITION' 
Control Bun 

1 Pre-Bypass 
Breathing: 

2 60% 1%—10% O. 


TEMPERATE 
(°C.) 

REC- MUS- 

TAL CEE BLOOD 

37.0 37.0 

37.0 37.0 



_ 35.0 

Straight Bypass 

Breathing: 36.2 36.5 3S.0 

60% Nj—40% O. 

37.2 37.5 3S.0 

_ 36,2 3S.0 

ypass Oxygenator 

On Breathing: 36.6 36.7 37.S 

60% 17,—i0% O. 

37.0 37.S 38.5 

__ 36.5 37.2 

(•pass Oxygenator 

On Breathing: 36.6 36.5 37.5 

92% N.—8% O- 

37.0 3S.0 3S.4 

_ 36.2 37.0 

i-pass Oxygenator 

On Breathing: 36.5 36.4 37.7 

100% 1ST, 

37.3 3S.2 3S.0 

_ 37.0 37.0 

(•pass Oxygenator 

On Breathing: 36.5 36.4 37.7 

S0% 17—20% 0 : 37.4 3S.1 3S.0 

_ 37.0 38.0 

rpass Oxygenator 

Off Breathing: 36.2 36.6 3S.0 

S0% iST.—20% 0 3 37.0 3S.0 38.2 


Bypass Oxygenator 
On Breathing: 
60% J7.—40% 0 : 


Bypass Oxygenator 
On Breathing: 
92% N.—8% O- 


Bypass Oxygenator 
On Breathing: 
100% 17- 


Bypass Oxygenator 
On Breathing: 


Bypass Oxygenator 
Off Breathing: 


CCh 

(VOL. 

%) 

0, Sx\T. 
(%) 

CO, 

(VOL. 

%) 

- 

40.SS 

40.SS 

- 

32.4 

- 

_ 

60.S3 

31.25 

- 

43.84 

33.IS 

_ 

49.33 

32.73 


40.SS 40.SS 95.62 27.63 - - 

32.4 - 95.9 - 

60.S3 31,25 S5.ll 31.02 - - _ 

43.84 33.IS S7.49 2S.09 139 45 11 

49.33 32.73 100.43 23.1S 145 3.3 4 

53.94 2S.90 S6.15 22.63 144 4 S_ 11 

43.31 32.53 96.01 20.23 95.57 20.1S - - 

52.23 29.44 94.76 22.11 9S.79 17.96 - - 

60.13 24.16 S0.25 22,56 100.79 15.57 

44.72 27.S6 91.33 1S.94 91.09 1S.15 

46.64 26.46 S9.94 1S.49 S9.51 16.70 

50.05 24.51 106.S3 17.26 94.S4 15.36_ - 

46.13 26.95 101.22 20.72 89.93 17.54 

30.S7 23.4S 97.40 19.27 67.S9 14.0S 

41.45 22.09 9S.23 16.25 91.68 15.45——- 


37.0 3S.0 


53.5S 

24.29 

63 70 

22.S0 

141 

45 

Ill 

43.24 

23.6S 

72.93 

20.30 

144 

3.0 

]1» 

23.10 

27.82 

52.1S 

21.33 

J3S 

_46. 



Bypass Oxygenator 
On Breathing: 


92% X.—8% 0 : 37.0 3S.0 37.5 


(Continued on next panes ) 
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t 

DOG 
XO. | 

1 

CONDITION 

temperature I 

BLOOD 

MIXED 

VENOUS 

pulmonary 

ARTERY 

AORTA 

CHEMIST! 
SERUJ! 
(it;E q./] 

REC¬ 

TAL 

MUS¬ 

CLE 

BLOOD 

0. SAT. 
(%) 

1 co - 1 
1 (VOL. 

1 %) 1 

■ 

lo. SAT. 
(%) \ 

co ; 

(VOL. 

%) 

lo, SAT.' 
(%) | 

1 CO. ! 
1 (VOL 

I %) ’ 

Na ] K ] ( 

bypass Oxygenator 











i 

Off Breathing: 

36.1 

36.4 

38.0 

- 

- 

55.33 

25.70 

55.43 

24.59 


2 

92% X—8% o, : 

37.-4 

38.0 

38.2 

_ 


30.33 

23.44 

46.40 

17.27 

_ _ 













3 



37.0 

37.2 

- 

— 

2S.96 

22.35 

44.50 

1S.94 

— 

Bypass Oxygenator 












Off Breathing: 35.9 

35.6 

38.0 

- 

- 

- 

- 

12.65 

27.50 


2 

92% N.—8% 0. 

- 

- 

- 

- 

- 

9.54 

24.61 

26.15 

19.10 


3 


- 

37.0 

37.2 


_ 

9.73 

24.26 

15.77 

15.33 

— 

Bypass Oxygenator 











i 

Off Breatliing': 

- 

- 

- 

- 

- 

- 

- 

- 

- 

— 

9 

92% N.—8% 0, 3 

17.0 

3S.0 

38.0 

- 

- 

- 

- 

- 

- 



300%| 

200%i 

i- 100% 


8* 78? 


CONTROL 

4? 

SPAO z 52% 
Sio 2 40% 


□ pa-la mean pressure 
■ C O (L/min ) 

EH TPR (dyne sec cm *5) 



84% 96% 99% 

40% 8% 0% 

-OXYGENATOR ON ----■* 

BY PASS----------» 


300% 

245f 



-10 0% S|0 2 20% 


f 172 


147? 

I 


ll! 


81 

38% 

20 % 



101 

8 t 

241 

—- 

38% 

10% 

8% 

8% 

8% 



oxygenator- oh orr 


On opt orr off 

-BY PASS--- 


Fig. 4.—Comparison of the important circulatory findings in the nine stages of 'j 
on three experiments from the data in Table I. Each value is compared to its c °ncroi ^ 
and the average percentage change for the three experiments is represented in the ^ 

effective mean pulmonary artery pressure (PA-LA mean), cardiac output, and total pu«« 


resistance. 
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TOTAL 

PULM. 





PRESSURES (MM. Jig/ 

1 



RESIST 

USTRIES 

ERUM 

to %) 

CELL 
\ GLUME 


RIGHT 

RIGHT 

\EN 


PULMO 

NARY 

LEI r 


MEAN 1 

CARDIAC 
O m PUT 

(W 

ANCE 

(DYNE 

SEC. 

1 p |M’N' 

(%> 

PULSE 

atrium 1 

TRICIE 


ARTER\ 

ATRIUM 

AORTA 

PA LA 

MIN.) 

CM.-=) 


47 

150 

5/3 

M = 4 0 

40/1 

40/32 5 
M = 35 

13/10 

M = 12 

165/135 

M = 150 

23 

1.51 

1219 


49 

140 

12/4 

M = 6 

30/0 

30/20 

M = 23 

5/2 

M = 3 

138/100 

I\I = 120 

20 

1.92 

833 

_ 

48 

170 

4/0 

M = 2 

NG 

37/25 

M = 27 5 

2 5/0 

M = 1 

100/70 

M — SO 

26 5 

1.74 

1218 

_ _ 


50 

14/5 
M=N G. 

40/4 

40/25 

M = 35 

20/10 
M= 14 

200/130 

M = 160 

21 

1 61 

1043 

_ __ 

_ 

130 

6/2 

M = 5 

NG. 

30/15 

M = 22 

3/0 

M = 1 

120/90 

M = 105 

21 

2.25 

747 

- 


178 

4/0 

M —2 5 

N.G 

40/25 

M = 28 

3/0 

M = 2 

100/55 

M = 70 

26 

2.17 

958 

_ _ 


80 

12/2 

M = 4 

20/2 

20/10 

M = 15 

5/2 

M = 25 

120/40 

M = 60 

12.5 

2.35 

426 

- 

- 

110 

7/2 

M = 5 

N.G 

33/15 

M = 22 

3/0 

M = 1 

100/65 

M = 90 

21 

2 40 

700 


PULMONARY ARTERIAL OXYGENATION-CENTRAL VASCULAR 
PRESSURES a RESISTANCE 
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■PA. 
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*"8S$ e 556 

— 

-OXYGENATOR ON- 

- > 

I 

1 86 

1 69 

172 

1 81 

2 65 

1290 

1822 

1512 

1702 

1057 

Sl t>2 20% 

SPA 

20% 

20% 

8% 

0% 

40% 

,0z 63% 

17% 

93% 

- 

91% 

12% 


S ac o«tpufand tn‘toi £ . 7 nff,nal presspr0 P u Ue traces nith the oxjgen data and calculated 
no "5« s associated u ith |[!“ r ' 110nary ,, resistance for one experiment demonstrating charactenstic 
0 ad dea efCcct from dlA ypass ' and b ' pass " * th ox J Conation and, under these circumstances 
ret from decrease in inspiratory 0 x 5Sen concentration (SIo ) circumstances. 
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only when flic pulmonary artery minus lcl'i atrial mean pressure is used for 
calculating' the total pulmonary resistance. There is steady control of output, 
and the usefulness of the constanl level well is seen. Data on the 3 animals 
carried through the nine-stage experiment, as seen in Table I and Fig. 4,-show 
these same phenomena. Examples of the lack of correlation between decrease 
in inspired oxygen concentration on the resistance change in these circumstances 
can also he seen. 

With such a, complex experiment, a number of monitors and controls were 
instituted to keep as stable a preparation as possible. If a heat exchanger were 
not in the system, the temperature fell to 29° to 31° C.; therefore, the heat ex¬ 
changer in the circuit is mandatory. Temperature measurements at the blood, 
muscle, and rectal sites indicated stability at 36° to 38° C. in all experiments. 
At Joust two electrolyte checks were obtained and little change found. Repeated 
acid-base studies indicated no profound abnormality-—a mild, metabolic acidosis 
was occasionally present, as is often associated with surgical procedures aiU - 
im esthesia, and a respiratory alkalosis was usually present, olfen compensating 
the acidosis, reflecting not only hyperventilation but decarboxylation by the 
bubble oxygenator. Whole blood hematocrit measurements changed lid c 
throughout the procedure. There were occasional instances of pulse abnormality 
In 1 animal not used for this study, there was a period of bradycardia jud 
before going on bypass, and calculated resistance did not vary, whereas changes 
occurred in cardiac output and phasic pulmonary artery pressure because o 
this bradycardia. These data arc as follows: 


Pulse—48/m in. P.A. — 27/5 12 mm. llg 

PA m - LA m = 10 mm. llg 
C.O. = 1.96 L./min. 

2.19 L./min. 

R = 408 dyne sec. cm."® 

365 dyne sec. cm.'® 

Pulse—78/min. P.A. = 22/15 17 mm. llg 

PA m - LA m = 13 mm. Ilg 
C.O. = 2.47 L./min. 

R = 421 dyne sec. cm.'® 

Right ventricular pressure was used to monitor ventricular diastolic pressure 
evidence of failure; however, when a marked change occurred, the cannula pu 
back into the right atrium (sec Fig-. 3) and, as noted in Table I, an occasion^, 
unusable pressure curve was obtained. Jn rare instances, an acute, .Iwt ^ 
pornry, elevation of the diastolic pressure was found as in Ihe second expm ' 


of Table I. During the times of marked inn-case in pulmonary 


vascular re¬ 


sistance, there is a modest increase in the diastolic pressure reflected in the u.-.^ 
atrial pressure. Furthermore, the systolic level of the right vcntriculai 
sure served as a check on the systolic level in the pulmonary artery, the m< 
important pressure parameter. 

A portion of lung was lnopsied from each side at the end of the P 
to check for thromboses, arterial abnormalities, worms, etc. The. beat 
major proximal vessels were opened and examined grossly for the same 
None was noted. 
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DUCLSSION 

The o\>genation of the pulmonan artery hloocl under these circumstances 
is 30 to 60 per cent abo\e that of the usual mixed venous oxigen saturation, 
and fiom a pulmonary circulatory point of new, it is therefore hypevoxic 
Smith,- 3 Bennett 34 and their associates, in 1932-1934, demonstrated pathologic 
pulmonaiy arterial changes and ele\ ation of pubnonary artery pressure in rats 
when the animals were subjected to chronic ele\ation of atmospheric pressuie, 
and it is notable that the environmental oxygen tension was 635 mm. Hg. They 
felt that the pulmonary hypertension may liar e been present early but had not 
been measured. It is cleai that one oi the next steps m this study is to control 
the o\jgenation and to measuie Poj, as well as the oxygen saturation, especially 
when saturations of 100 per cent o\\ gen aie obtained. 


5Z00- 
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« OXYGENATOR OH 
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• STRAIGHT BY PASS 
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>* 1600' 
Q 

C IZ00- 
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X 


X 


X 

X 


o4 - I-r- ■— 1 . ■ I - I — — I - 'I I -i — - i 

0 JO 20 30 40 50 60 ?0 80 90 100 

S pao 2 

total of \ alues of pulmonan arterial oxigen saturation (Spao.) and calculated 

t'“ntal U '^ onar ' resistance (TPR) (when obtained simultaneouslN) under the three experi- 
°f h\Dnvi ' uln<Jtan , Ce<; (control b\ pa^s anil o\isenator) in an attempt to elucidate the effect 
* xia a** xn ell as h\ perovia on \ascular re^i^tance 


How does this lnpeioxic reaction relate to shunts ? At the piesent time an 
pensile suney is being done on our own and published catheterization data 
4 we if there is any lelationship between the measured pulmonary arterial 
’ 'j Cn tin ation and the measuied pulmonan \ ascular lesistanee. howeier, it 
114 se em that there is not such a correlation For example, the large inter- 
ox ; S0 Ptal defects aie commonly associated with a high mine of mixed renoiis 
'A 011 ^dilation and, m geneial, aie usually associated with noimal or low 
' nion ' u ' 'oscular resistances On the other hand, small shunts fiom the high 
"ith' ,lUC Cllcil 'b m ientricular septal defect and patent ductus can he associated 
1 illaeas ed \ascular lesistanee The dnect pressuie efleet. ret effect, laminar 
s hikii'* l )010x >genated blood (otherwise well mixed fiom an atiial side), 
Pulmonan iceeptors iiom a high piessure source, or some othei factor 
l,c * opeiating 

T 

own'' 11,an ' i nstanees the piesence of the In pass itself, without the bubble 
'''starT" 1 * 01 - m <ilC S ' ste,U- " as associated with nic-ieased pulmonan. iascular le- 
na ' 11 e ' er - o things must he noted The bypass is initiated with an 
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oxygenated blood drawn from t.lie donors’ arterial systems and, in two instances, 
measurement of the saturation has shown it to be high. For example, in the dog 
with the reversible bypass, the initial institution of bypass was associated with 
a donor blood oxygen concentration of 91 per cent and there was a striking 
increase in pulmonary arterial pressure, cardiac output, and resistance. -4s time 
progressed and the saturation fell to 67 per cent, there was a return toward 
normal, but not to normal, of these circulatory dynamics. Reverse of the bypass 
to control produced a normal pattern; then reinstitution of the bypass from a 
circuit now containing venous oxygenated blood of close to 60 per cent produced 
little or no change in resistance and only a slight increase in output and pres¬ 
sure. Addition of the oxygenator, inducing a pulmonary artery blood oxygen 
concentration of 100 per cent, produced a marked increase in pulmonary vascular 
resistance. Bypass alone produced reversion of vascular resistance close to 
normal. Return to normal circulation reproduced control resistances, although 
associated with a somewhat lower cardiac output. 

Could there be a bifid reaction; that is, a modest stimulus to increased 
vascular resistance from decreased oxygen concentration and a marked stwui us 
with increased oxygen concentration? Fig. 6 shows a plot of data in ulnci a 
pulmonary arterial oxygen saturation was obtained at the same time as o < 
pulmonary resistance was calculated and, as can be seen with the three gioups 
of studies—control, straight bypass, and bypass with oxygenator—there is '* 
tendency to a somewhat increased resistance at the lower oxygen concentra ion 
and a clear-cut indication of increased resistance at high oxygen concentrations. 
There is / too much scatter and too few points to judge the hypoxic effect, esp 
cially in view of the variation in circumstances of measurement. 

There are certain clinically useful suggestions from this study. 
pulmonary hypertensive patients undergoing extracorporeal circulation m ' 
the lungs fill with blood from the systemic side of the circuit and aic 
ventilated with gas of high oxygen concentration, the stage for a fuitie^^ 
creased pulmonary vascular resistance, obtainable at the time of coming 
bypass, might be set, and some variation in the inhaled gas mixtiuc img 
be worthy of study. The possible deleterious effect of small shunts, anc 
cially small residual post-surgical shunts in patients with pulmonarj UP 
tension, maj r assume great significance. _ _ ^ 

The increased pulmonary vascular resistance under hypothermia mig 
be explained by this mechanism, as the oxygen saturation of mixed venous > 0 
increases as a result of decreased peripheral metabolism and arteriovenous s iu 

ing. 


SUMMARY 

Observations with the use of a controlled extracorporeal shunt fiom 
cavac to right atrium in which the oxygenation of the blood, other t 
returning bv the coronary sinus, can be controlled, have shown an m ^ 
vascular instance associated with the institution of the ’OT”» S “ a (0 „, 
most importantly, a striking increase m all parameters related to in™ 
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pulmonary lesistanee and pulmonary hypertension when excessively oxygenated 
blood is returned to the right side of the heart The vascular reaction to 
oxygenated blood m the pulmonary circuit has even been lethal in normal dogs. 

Tlie technical assistance of Florence Kosmal and William Ranh is gratefully ac 
Lnowledged 
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TREATMENT OF BANK BLOOD BY RESINS 


Edward D. McLaughlin, M.D. (by invitation), Thomas F. Neal on, Jr., MS)., 
and John H. Gibbon, Jr., M.D., Philadelphia, Pa. 

T he successful application of cation exchange resins to reduce abnormally 
high levels of ammonium and potassium in stored blood has been repoite 
by Schechter, Nealon, and Gibbon. 6 Blood so treated still has an abnormal y 
low pH, chiefly because of citrate preservative. By passing bank blood orei 
an anion exchange resin, McLaughlin, Nealon, and Gibbon 4 were able to return 
pH and elevated anion concentrations to normal by substituting bicarbonate 
for the citrate and other increased anions. 

The successful use of extracorporeal circulation in the treatment of' aI ^ 
ous diseases in human beings has necessitated obtaining large quantities o 
compatible blood to prime the apparatus. Blood for this purpose is usua ^y 
drawn within 24 hours of the scheduled time of operation. A muniei ^ 
previously typed and erossmatched donors therefore have to assem > e 
one time and place to donate this priming blood. If stored bank blooc cou 
be safely used, the collection of blood for open-heart operations " 011 ^ 
greatly facilitated. The purpose of this study was to determine whet C1 ^ 
electrolyte concentrations of canine bank blood could be restored to appi 
mately normal values by passage over both an anion and a cation ex 
resin. The safety of using this resin-treated blood was then tested P 
of exchange transfusions in normal dogs. 


METHODS AND MATERIALS 

Donor blood was obtained by exsanguinating healthy adult mongid ° ^ 
ACD solution, Formula A, 75 ml. per 480 ml. of whole blood, was emp 
the preservative. The 75 ml. of Formula A contains 1.64 Gm. ris ^ 
citrate, 0.6 Gm. citric acid, and 1.84 Gm. dextrose (UBP). Bight d° n ' n ^ cr j| c 
each containing 3,000 ml. of whole blood, were stored in silicomzM, 
bottles at 5° C. Each pool was composed of blood from 3 or 4 dift" e,en ^ 
Four pools were stored for 14 days, and 4 for 21 days. A heparimzcc^ 
of blood from each dog was analyzed for blood pH, plasma hemog o > 
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TREATMENT OF BANK BLOOD BY RESINS 


Edward D. McLaughlin, M.D. (by invitation), Thomas F. Nealon, Jr., M.D., 
and John H. Gibbon, Jr., Ai.D., Philadelphia, Pa. 

T he successful application of cation exchange resins to reduce abnonnally 
high levels of ammonium and potassium in stored blood has been iepoite 
by Sehechter, Nealon, and Gibbon. 6 Blood so treated still has an abnormally 
low pH, chiefly because of citrate preservative. By passing bank blood oui 
an anion exchange resin, McLaughlin, Nealon, and Gibbon 4 were able to retuu 
pH and elevated anion concentrations to normal by substituting bicaibona 
for the citrate and other increased anions. 

The successful use of extracorporeal circulation in the treatment ' a 
ous diseases in human beings has necessitated obtaining large quantities o 
compatible blood to prime the apparatus. Blood for this purpose is osm ^ 
drawn within 24 hours of the scheduled time of operation. A num _ ^ ^ 
previously typed and crossmatched donors therefore have to assenne^ 
one time and place to donate this priming blood. If stored bank blooc co ^ 
be safely used, the collection of blood for open-heart operations von ^ 
greatly facilitated. The purpose of this study was to determine el ^._ 
electrolyte concentrations of canine bank blood could be restored to a PP^‘^ 
mately normal values by passage over both an anion and a cation ex ^ 
resin. The safety of using this resin-treated blood was then tested bj 
of exchange transfusions in normal dogs. 


METHODS AND MATERIALS 

Donor blood was obtained by exsanguinating healthy adult mongie 
ACD solution, Formula A, 75 ml. per 480 ml. of whole blood, was emp oM 
the preservative. The 75 ml. of Formula A contains 1.64 Gm. ^ 

citrate, 0.6 Gm. citric acid, and 1.84 Gm. dextrose (LHP). Light d° no1 
each containing 3,000 ml. of whole blood, were stored m silicom /, .«^‘^ 
bottles at 5° C. Each pool was composed of blood from 3 or 4 di eie ° 
Four pools were stored for 14 days, and 4 for 21 days. A heparnum • ■ ^ 
of blood from each dog was analyzed for blood pH, plasma hemog < 
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Potassium. —Potassium concentration in plasma of bank blood increased 
progressively to an average of 17 mEq./L. after 14 days and 22 mEq./L. after 
21 days of storage. After passage over the cation exchange resin the markedly 
elevated levels were reduced to less than 1.0 mEq./L. 

Calcium. —The addition of ACD solution reduced the plasma calcium level, 
as measured by the technique employed, to approximately 25 per cent of normal. 
Since the calcium was not removed it must have been bound in unmeasurable 
form by the citrate. After the removal of the citrate by the anion exchange 
resin the calcium concentration was only 50 per cent of the original level. The 
present data do not account for the remainder of the calcium. 

Ammonium. —Blood ammonium content increased progressively during 
storage so that after 3 weeks tire concentration had approximately tripled. Re¬ 
duction to the normal range occurred after passage over the cation exchange 
resin. 


Citrate. —When ACD solution was added to fresh blood the plasma citrate 
concentration rose from an insignificant amount to approximately 450 mg. per 
100 ml. The concentration did not change during storage. Passage of the 
blood over the anion exchange resin reduced the citrate content to normal. 

Phosphate. —The phosphate concentration in the plasma after storage was 
about double that in fresh blood. After passage over the anion resin, the con¬ 
centration returned to the normal range. 

Lactate. —The lactate content of the blood rose markedly during storage. 
Passage over the anion resin removed the greater part of this increase, but did 
not reduce the concentration of lactate to the normal range. 

Pyruvate. —After storage, the pyruvate content of blood was five or six 
hmes the pre-storage level. After traversing the anion resin, the pyruvate con¬ 
centration returned to normal. 


Plasma Hemoglobin. —During storage there was an increase in plasma 
hemoglobin. Passage of the blood over both resin columns resulted in slight 
"‘creases in plasma hemoglobin. 

Po recapitulate, the addition of ACD solution to blood produced some in¬ 
cense in plasma sodium, a large increase in citrate with a concomitant de- 
C'ease in ionizable plasma calcium and a marked drop in pH. With storage 
'•ie was an increase in ammonium, potassium, phosphate, lactate, and 
P.'ruvate, and a decrease in plasma chloride with a further drop in pH. After 
passage over the resins the electrolyte concentrations returned to normal 
l' ! l,PS exc0 Pt for potassium, calcium, and chloride (which were lore), and 
' l( !*ile (which was high). There was a marked rise in pH due to the removal 
t ic citrate and accumulated anions. 

^ Light dogs were given exchange transfusions of the resin-treated blood. 
j/ me s!| °"'cd ill effects from the transfusion. When the animals were sacri- 
n ' U 14 ,la - vs "Per the exchange transfusion, postmortem examination showed 
° eross cv| denec of infection, hemorrhage, thrombosis, emboli, or infarction. 



L'aisu: I. Changes in Canine Brood Stored at 5° C. for 14 Days 

(AVERAGE OF 4 POOIS OF liEOOI) OF 3 E. EACH) 


604 


MC LAUGHLIK, nealon, gibbon 


J Thoracic ani 
Cardiova Sarr 



\r\ 40 No 5 
No\t'rly*r, l%0 


RESIN TREATMENT OF BANK BLOOD 


607 


Blood analyses in. a typical experiment in which a dog was given an ex¬ 
change transfusion of pooled blood stored for 2 weeks are shown in Table 
III. The same studies in another animal given exchange transfusion of blood 
stoied for 3 weeks are shown in Table IV. Part of these changes are shown 
graphically in Pig. 1. 

The changes in these individual pools of blood are similar to the average 
changes listed in Tables I and II. The recipient dog’s blood prior to trans¬ 
fusion was similar to the freshly drawn heparinized pooled blood. The stored 
pooled ACD blood after it was treated by resins had a low potassium, calcium, 
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Pooled Blood Do a 2 Mrs 24Hrs 

Fresh ACD Stored Resin y Post-Transfusion 

1 —Changes which occurred in pH potassium, ammonium, citrate, lactate, and 
tranKf7,^ f mo S, oljin during: storage for 21 days, passage o\er resins, and after exchange 
usion The open circles are the le\els in the blood of the recipient dog. 


*nid chloride, and an elevated lactate with a resultant low pH. Two hours 
alter transfusion all values were similar to those of the dog befoie transfusion 
c 'eept the lactate which ■was elevated but lower than in the pooled blood, 
wenty-four hours after transfusion all values were normal. 


discussion 

11 ^ solution is used to preserve blood in almost all blood banks. The 

mxh stored in ACD solution in glass bottles is geneially discarded after 21 
,‘*' s stora Se at 5° C. Less than 70 per cent of the cells retain full functional 
“pafity alter infusion if such blood is stored for longer periods. If ACD 

!' H ls s!ol(? d in plastic containers, 70 to 80 per cent viabilitv has been 
'Ifrnnnstrated after 23 days.' 
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Blood stored in eitra t e-phosph ate-dextrose (CPD) solution was studied 
by Gibson. Rees. McManus and Sclieitlin in lOaT." They reported more than 
70 per cent viability of infused cells after 28 to 32 days' storage at 4° C. when 
the blood was contained in a plastic bag and infused in plastic recipient sets. 
A recent report indicates that multiple transfusions of such blood can he 
given to human beings without significantly elevating the plasma phosphate 
levels. 3 The CPD solution has the further advantage that it altera the pH 
less than does the ACD solution. It drops the pH to about 7.2 as compared 
to G.S to 7.0 with ACD solution. Previous work in this laboratory demon¬ 
strated that there is an even greater accumulation of potassium and am¬ 
monium when CPD solution is used. However, passage over a cation exchange 
resin will remove the excess potassium and ammonium. 

Heparinized blood used to prime heart-lung machines is collected within 
24 hours of operation. After 4S hours, heparinized blood tends to develop 
tiny clots. ACD-preserved blood with its high concentrations of potassium, 
ammonium, and citrate cannot be used. Smith. Brown. Young, and Scaly 7 
have successfully primed a heart-lung machine with blood stored up to o 
days using Edglugate Mg as a preservative. Beyond that time, increased 
potassium and depression of antihemophilic globulin and factor Y levels 
contraindicate its use. 

Since our animals tolerated exchange transfusions of ACD blood treated 
hy ion exchange resins with no ill effects, it is possible that such blood might 
prove satisfactory for priming heart-lung machines. Stored blood so treated 
must be tested in the extracorporeal apparatus to determine the period of 
storage permissible for animals and for man. If it proves safe to use ordinary 
hank blood for this purpose, collection of blood for open cardiac operations 
"mild be greatly simplified. Furthermore, bank blood would be available 
for emergency use of the heart-lung machine. 


summary 

k Altered levels of blood pH and metabolites and of plasma electrolytes 
"hieli are present in stored ACD blood may be restored to approximately 
"mmai values after passage over anion-cation exchange resins. 

— Canine ACD blood stored 2 to 3 weeks and then treated by anion* 
Lihon exchange resins and used for exchange transfusions in dogs produced 
110 Metallic harmful effects to the recipients. 
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GAS-EXCHANGE DYNAMICS OF GLYCEROLIZED 
FROZEN BLOOD 

Thom* G. O'Brien. Uentenant (AlC) USXR (h Marion). Chelsea. Mass., 
and Elton Watkins. Jr.. M.D.. Boston. Abm. 

Puscal experience has demonstrated to us that Wood treated with glycerol 
Vx and stored for prolonged periods of time in the fiozen so 1 - n e ™ a - . 

used, on thawing, as a satisfactory total blood volume replacement during 
cardiovascular surgery and extracorporeal circulation. us n ui ' 

resulted in a considerable improvement in the logistics of Wood procuremen 
and increased flexibility in tailoring blood transfusion 1 equipments to 

needs of the individual patient. . , 

Basic studies of the glycerolization technique by Tullis and associates of 
the Protein Foundation. Inc., demonstrated that human red Wooc ee s cou c 
be stored at -50 or -120° C. for periods up to 44 months. 14 - :s Alien such 
cell* were thawed and transfused, their survival in the circulation was com¬ 
parable to that of freshly drawn cells treated by conventional Wood bank 
techniques. Prior to the freezing process, it was necessary to separate cells 
fraut plasma and to treat the cellular elements of the blood until glycerol to 
minimize the formation of large ice crystals twin eh might disrupt the cell 
membrane 1 to prevent increased ionic concentrations within the cell as wntei 
"'as transformed to iee. and to minimize extracellular diffusion ot important 
cell constituents. 5 - ”•- J After thawing, the glycerol was removed front the 
cells by washing and the cells were reconstituted in their own plasma or a 
suitable suspension medium containing purified albumin solution. The carious 
manipulations of coll separation and introduction and removal of glveerol 
from the cells require a modification of the fractionating centrifuge otigiunllv 
dotbed hr Cohn for separation of cellular and protein fractions of tioAi Wood 
tFisr. ll. ; -=>•=•- gi nco glycerol, the cellular elements of the blood, and the 
various plasma components have varyintr specific gravities, centrifugation affoids 
a method for separating blood elements or tor the introduction or removal of 
ehecrol from the separated cellular elements. Cell destruction is minimal 
during processing and the closed system ensures complete asepsis. 

,, Prom the Blood Presonation and Surac.il ROM.in.-h IsitK>rntono. of 1)10 1" S Xai.tt 
""T:;.]. Chet-, a. Mas?, tlie Pop irtmcnt of Surcori. J--Ow> Clinic. and tho surcicvl Sonic., 
* v n KncHnd Deaconed Hospital. 


parch, the L-a!ie> Found ition. tho Nation v\ 


pit.il. Boston 

it -\id-M by Kn\nt> from the Ofviee of Xto \l He^oArch. - 

;r Institute. V S Public Health $enice ftnu the American Proctologic Research 

1-0 m d at ion. 

Heal at the Fortieth Annual MvOtmc of The Anuncan Association for Thoracic Surcrer.' 
^ Mivni Ittich. Fla, Afaj 11-13. 1000 
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4. McLaughlin, E. D., Nealon, T. F., Jr., and Gibbon, J. H, Jr.: The Bemoxal of the 

Citrate Additive and Accumulated Anions From Bank Blood (To be published) 

5. Sack, T., Gibson, J. G., and Buckle}', E. S., Jr.: The Pieservation of Whole ACD Blood 

Collected, Stored, and Transfused in Plastic Equipment, Surg. Gynec & Obst 95 
113 119, 1952. 

6 . Sehechter, D. C., Nealon, T. F, Jr, and Gibbon, J. H, Jr.- The Bemoxal of Excessive 

Potassium and Ammonium From Bank Blood Prior to Transfusion, Surg Gxnec 1 
Obst. 108: 1 6, 1959. 

7. Smith, W. W., Brown, I. W„ Jr., Young, IV. G, Jr., and Scaly, W. C • Studies of 

EdglugateMg: A Nev Donor Blood Anticoagulant-Preservative Mixture for Extra 
corporeal Circulation, J Thoracic Surg. 38: 573 5S5, 1959. 

(Foi Discussion, see 'page 631) 
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citrate-dextrose solution. In view of this experience it seemed advisable to 

- test, blood passed through the glycerolization process as replacement in the 

- massive amounts required so frequently for cardiac and thoracic surgery. 
Such a study was given added impetus by the finding in our laboratory that 

- heparinized blood treated by the glycerolization process maintains full heparin 
activity up to 7 months’ storage at -S0° C. (the longest period studied). 39 It 
seemed possible that heparinized blood could be stock-piled without time limita¬ 
tion and then used as a medium for pump-oxygenator priming and transfusion 

' during open-heart or vascular surgery. 

; Basic to such an application was the need for confirmation of the clinical 
| observation that glycerolization did not alter hemoglobin structure or intra- 
i* cellular environment so that the ability of the red blood cell to transport gases 
1 was seriously impaired. Certain properties of oxygen transport by the red 
1 blood cell are expressed by the oxyhemoglobin dissociation curve, which equates 
i values of oxyhemoglobin saturation (the percentage of total hemoglobin in 



p(>2 mm. Hg 


•£ — Diagrammatic representation of consequences of a shift to the left of the normal 
oxyhemoglobin dissociation curve (solid hncj. 

' dle ox J'genated state) to tlie partial pressure of oxygen in a gas mixture in 

i "l»ilibrium with the blood. Construction of an oxyhemoglobin dissociation 

j cui\e for a given blood specimen enables one to draw conclusions as to the 
Inan ner in which that blood will give up oxygen within the tissues to provide 
^ a n oxygen pressure within the tissues for adequate aerobic cellular metabolism. 
Of particular significance in the present study was the finding by Valtis 
■itu Kennedy 2 - that blood collected in the usual acid-citrate-dextrose solution 
remonstrated an impairment of oxyhemoglobin dissociation after a number of 
a ' s stova ge at 4° C. The character of the changes demonstrated by them 
j of' ! lluStl ' atcd ^grammatically in Fig. 2. As a result of a shift to the left 
j , le ox yhemoglobin dissociation curve, the tissue oxygen concentration or 

Pai!Tal pressure (pO.) is in danger of falling to anoxic levels before an 
' e T>ate dissociation of oxygen from hemoglobin may occur. 

'ho 7 * 1 ° CUlVe sl,ift gradually reversed once the transfused blood was within 
• * 1,ut ,al 'ge volume blood replacements resulted in serious impairment 
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In 1956, The Blood Preservation Laboratory was established at the U. S. 
Naval Hospital, Chelsea, Massachusetts, to evaluate the merits of the glycerol- 
ization-freezing method at a clinical level. 22 Haynes and associates 7 soon es¬ 
tablished the value of the method in over 1,000 transfusions. In addition to the 
obvious advantages of blood stock-piling without the necessity for discarding 
■outdated blood, the over-all reaction rate was found to be only one tenth of 
that seen following conventional transfusion of blood preserved at 4° C. in acid- 
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interchangeable cartridge unit, the dangers of contamination during attachment of tubing 
connections are eliminated. 

In the glyeerolization phase, blood is forced onto the rotating bowl at a flow rate 
of approximately 50 ml. per minute. The bow] is rotated to give a gravitational force 
of 425 g. The blood passes to the periphery of the bowl by centrifugal force. Separation 
of the blood into a heavier red cell layer at the bowl periphery and an inner lighter plasma 
layer occurs as the howl fills to its capacity of 350 raL The separated plasma accumulates 
in the inner area of the bowl and overflows a central weir into a plastic bag. After the 
.ntire unit of blood lias been infused and the maximal amount of plasma collected, the 
plasma hag is sealed and detached from the cartridge unit for freezing. Without interruption, 
a large volume of 20 per cent solution of glycerol is introduced into the bowl followed by 
a large volume of 50 per cent glycerol. As each successive glycerol solution increases in 
volume within the centrifuge, it traverses the packed cell residue contained within the bowl 
from the periphery to the central weir of the bowl and thence spills over into a discard 
outlet. The plasma remaining in the bowl at tlie end of the cell separation cycle dilutes 
the initial portions of 20 per cent glycerol entering the bowl and a similar dilution occurs 
as the glycerol solution concentration is increased. Glycerol equilibration between the cells 
and wash solution tlierebv progresses gradnallv by means of counter-current dialysis. 
Following addition of the 50 per cent glycerol solution, the centrifuge is stopped, permitting 
tk“ ehcerolizcd cells to flow into a separate plastic bag which is sealed and detached. 

The plasma and red cell bags are marked and placed in a cardboard container for 
storage in a -SO' or -120' C. freezing unit. Temperatures prevailing within the freezers 
are continuously recorded. An automatic alarm system signals any possible failure of the 
freezer mechanism. Temperature equilibration is obtained within 6 to S hours after the 
lag. are place,] within the freezer. 

To reconstitute the blood, the frozen units are thawed for 10 minutes in a rotating 
rater hath at 37° C. Glycerol is removed from the cell mass by exposure within the 
centrifuge to solutions containing decreasing concentrations of glycerol. This dialysis must 
progress gradually since water will enter the cell four times faster than the glycerol will 
leave and a slow step-wise progression must be used to prevent hemolysis. A small amount 
plasma is washed through to displace the last wash solution. The cell mass is then 
removed into a plastic administration bag where it can be reconstituted with its own plasma 
or other desired suspension medium. The reconstituted blood is stored at 4' C. until ready 
for me. 


It now takes ns 35 minutes to glyeerolize a unit of blood and 45 minutes to re- 
Jnsotuto it. With the present equipment one technician can process four units simultaneously. 


Glycerol 


concentration is 40 per cent within the frozen cell and less than 1 per cent 


■nag reconstitution. To meet special clinical requirements, the electrolyte concentration 


folio -,1 

. f^ OI " Hie reconstituted Mood may be varied at will by altering the composition of 

1 e final w a-lung solutions. 

blood and Gas Analysis Methods.— 

Blood samples were withdrawn from patients by arterial or venons puncture. During 
studies, plastic blood bags were inverted 25 times to assure adequate mixing. 
I ' as w itlidrawn for sampling or stored after equilibration in Luer-Lok svringes 
* U * ,n, ' aIei * ' nt *‘ mineral oil. Syringe dead spare was filled with 1 per cent heparin 
ion in saline. Following colic, tion of a ~ample, the synnge was sealed with mercurv 
11 -ol i itli a locking hub. and immediately immcr-ed in an ice bath. 

.. • snip].-, of Mood 0 0 ink in volume were equilibrated in Bareroft tonometers of 

1 1-oxjmatcly go, m j_ capantv by rotation for 20 minutes in a 57" C. water bath, following 
v . 111,5 t *“' tonometer for 30 seconds at 3 L. per minute from cylinders containing 

., ;' la " proportions of nitrogen, oxygen, and carbon dioxide. The carbon dioxide tension was 
ii roxiraatdy- 40 mm. Hg in each cylinder and the ratio of nitrogen to oxvgen varied to 


approximate 


£en ten-ion- of 13, 23. 30, 60, 00, or 320 mra. Hg. 
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of tissue oxygen tension persisting for several days At certain times, the 
tissue oxygen tension could be actually worsened by transfusion despite ap¬ 
parent correction of an anemic state. The implications of such a situation 
are obvious in thoracic surgery, where the derangement may be compounded 
by diminished cardiac output and ventilatory reserve. 

The Valtis-Kennedy effect is related to variations of blood electrolyte con¬ 
centrations and may be eliminated by addition of sodium chloride to plasma !C 
Since the glycerolization process (unless carefully controlled) might he ex¬ 
pected to derange just these electrolyte concentrations, a determination of 
oxyhemoglobin dissociation properties xvas necessary to confirm our impression 
that a serious alteration of hemoglobin chemistry was not induced by the 
glycerolization process. 


RED CELL WASHING 

ISCHCMATIC) 



Fig 3 .'—Diagrammatic representation of the centrifuge bowl 

washing. 


used for coll separation and 


METHODS 

Glycerolization and Freezing of Blood .— 

Blood from a healthy young donor is collected by phlebotomy, drawing 4' J 111 ^ 

a plastic bag containing either acid citrate dextrose solution or heparin saline solution^^^^ 
citrate bag contains 75 ml of acid citrate dextrose solution. National Institutes ^ 

Formula A. The heparin bag contains 2,000 BSP units of heparin sodium m u ^ 

0S9 per cent sodium chloride solution buffered to pH 7.1 Between collection an SI 
processing, the bags are stored at 4° C. for periods up to o hours ^ t ] |t . 

Blood is gljeerolized and degljcerolized by passage through a centrifuge ^ 
Cohn type (Cohn A.D.L fractionator *) (see Fig. 1). Interchangeable cartridge uni 
placed within a refrigerated compartment of the fractionator and the centrifuge ? ^ 

of the cartridge assembly rotated at a revolution rate which may be varied ^ 

upon the type of separation desired. A diagram of the Type II centrifuge Imw^V^ ^ 
used for glycerolization and degljcerolization illustrates the manner of intro< ^ 

blood and uithdraual of blood fractions. Blood or washing solutions are a ™ ^ ]jon -j i 
pressure flow through a plastic tube manifold. After passage through the centr ‘ 0 f 
the separated elements are collected m plastic hags connected to outlet ports m ‘ ^ 8 „ 

the bowl. Since the collecting bags and centrifuge bowl arc assembled and sten i 
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interchangeable cartridge unit, the dangers of contamination during attachment of tubing 
connections arc eliminated. 

In the glvcerolization phase, blood i« forced onto the rotating bow 1 at a flow rate 
of appto\imatcl> 50 ml per minute The bowl is rotated to giro a gravitational force 
of 425 g The blood passe, to the periphery of the bowl by centrifugal force. Separation 
of the blood into a heavier red cell laver at the bowl periphery and an inner lighter plasma 
later occur- as the bowl fills to its capautc of .150 ml The separated plasma accumulates 
in the inner area of the bowl and overflow- a central weir into a plastic bag After tlie 
entire unit of blood has peen infused mul tlie maximal amount of plasma collected, the 
plasma hag is sealed and detached from the cartridge unit for freezing. "Without interruption, 
a large volume of 20 per cent solution of glccerol is introduced into the bowl followed bv 
a large volume of 50 per cent glccerol As each -moe-ive glccerol solution increases m 
volume within tlie centrifuge, it traverses the packed cell residue contained within the howl 
from the penpherc to the central weir of the bowl and thence spills over into a discard 
cutlet The plasma remaining in the howl at the end of the cell sepiration cvcie dilutes 
the initial portions of 20 per cent glccerol entering the howl and a similar dilution occurs 
as the glccerol solution concentration is increased Glccerol equilibration between the cells 
and Wash solatia therein progresses gradually be means of counter current dialysis 
Following addition of the 50 per cent glccerol solution, the centrifuge is stopped, permitting 
the glcceroUjcd cells to flow into a separ cte plastic bag winch i= scaled and detached 

The plasma and red cell hags are marked and placed m a cardboard container for 
storage in a -S0° or -120° C. freezing unit Temperatures prevailing within the freezers 
are contuiuou-Ic recorded. \n automatic alarm w-tem signals any possible failure of the 
freezer mechanism Temperature equilibration >- obtained within C to S hours after tlie 
hag- are placed vvitluu the freezer 

To reconstitute the blood, the frozen units are thawed for 10 minutes in a rotating 
'rater hath at 37° C Glccerol is removed from the cell mass by exposure ccitlnn the 
centrifuge to solutions containing decreasing concentrations of glccerol. This dialysis must 
progm-a gradually since water wall outer the cell four times faster than the glvccrol will 
leave and a slow stepwise progression must he u-cd to prevent hemolcsis A small amount 
°f plasma is washed through to displace the la-t wa«h solution The cell mass is then 
removed into a plastic administration hag where it can be reconstituted with its own plasma 

other desired suspension medium The reconstituted blood is stored at 4° C. until ready 
for use 


It now takes us 35 minutes to glvcorolize a unit of blood and 45 minutes to re¬ 
constitute it With tlie pre-eut equipment one technician can process four units simultaneously. 
*** concentration is 40 per cent witlun the frozen cell and less than 1 per cent 
owing reconstitution To meet special clinical requirements, the electrolyte concentration 
!1 pH of the reconstituted blood may be varied at will by altering tlie composition of 
ie final "ashing solutions 

H/ood and Gas Analysis Methods — 

Bloo<i samples were withdrawn from patients be artenal or venous puncture During 
blood™ S ^ u ^ ,e<! ’ Pbmtic blood bag- wore inverted 25 times to assure adequate mixing 
1 >, " aS '^bdrawn for sampling or stored after equilibration in Luer Lok syringes 
sol !' * U * 5nca * e< ^ "‘^ l mineral oil. Scringe dead space was filled cntli 1 per cent lieparm 
ion in salm e Following collection of a sample, the synnge was sealed cntli mercury, 
PPe with a locking hub, and innnediatelv immersed in an ice bath 

Samples of blood 6 0 ml in volume were equilibrated m Barcroft tonometers of 
gass° X ' matel ' V 3 ~ 3 011 ca P aeit .' be rotation for 20 minutes m a 37° C water bath, following 
'"•irr'tf ° f ^ fonometer for 30 seconds at 3 L per minute from cylinders containing 
a ’ ^ proportions of nitrogen, oxygen, and carbon dioxide The carbon dioxide tension was 
40 mm. Hg in each celmder and the ratio of nitrogen to oxygen varied to 
° a PP r oximate oxygen tensions of 15, 25, 30, 60, 90, or 120 mm Hg. 
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Blood oxygen capacity as determined by the method of Van Slyke and Neill 1 " was 
compared with the speetrophotometrie method of Hickam and Frayser/ using a Beckman 
spectrophotometer Model DU. Published density coefficients were confirmed by the standard¬ 
ization in a large number of normal bloods against the manometric capacity. Using our 
constants, 11 consecutive fresh blood samples showed a mean deviation between nmnometric 
and speetrophotometrie values of -0.07 vol. per cent with a standard deviation of 0.49 
vol. per cent. For 16 consecutive comparisons on samples of thawed deglycerolized ACD 
and heparinized blood, the mean deviation was -0.15 vol. per cent with a standard deviation 
of 0.40 vol. per cent. The lack of significant statistical variation between such comparisons 
of fresh and frozen blood oxygen capacities indicates the validity of our speetrophotometrie 
standards and excludes the possibility of significant methemoglobin formation in the store 
blood. There was no increased disparity between manometric and speetrophotometrie 
capacity values in the older stored bloods, which ranged from 3 to 31 months’ storage lime. 

Blood oxygen and carbon dioxide contents were determined initially by the combine 
manometric method of Van Slyke and Neill 17 using 1.0 mi. blood samples. . Since ic 
resulting oxyhemoglobin saturation values showed insignificant deviation from simultaneous 
oxyhemoglobin determinations by a speetrophotometrie method, we abandoned the com met 
blood manometric analysis and relied in tiiis study upon the quicker spectrophotonic nc 
method. During this later period, plasma carbon dioxide content was determined J 
manometric method of Van Slyke and Neill 17 on 1.0 ml. plasma samples obtaine a 
centrifugation under oil. „ , 

Blood hydrogen ion concentration was measured with the Beckman Model Gs p 10 ^ 

with an external anaerobic electrode immersed in a 37° C. water bath. The electro c 
standardized with pH 7.00 buffer solution. Microhematocrit determinations were ma o. j 
Following tonometric equilibration, the gas phase within the chamber was (lnl1 J ^ 
for carbon dioxide and oxygen by duplicate determinations with the Scholandcr appam 
Gas tensions were computed from this analysis and the ambient barometric pressure corr 
for water vapor tension. 


Computation of Oxyhemoglobin Dissociation Curves .— ^ 

Oxyhemoglobin dissociation curves were constructed using the general principl ^ 
the Harvard Fatigue Laboratory as outlined by Dill in the report of Keys, ® ^ ^ 

Barron. 11 The technique of computation is shown in Fig. 4. Generally between 1 
five observations with oxyhemoglobin saturations between 30 and 80 per cent "ere ava 
to give a linear relationship between HbO./Hb (oxyhemoglobin/reduced hemogo 1 ^ 

corrected pO, when plotted on 2 by 3 cycle log-log paper. The resulting best oelobin 

used to construct the conventional sigmoid dissociation curve comparing oxy '°. f 
saturation to corrected pO,.. In addition, two values were determined for each inear ^ 
plot to express the contour and position of tire constructed linear sigmoid curve: (< 7 
pO, value where IIIjO, = Hb or 50 per cent oxyhemoglobin saturation; and ( ) ' . 

of the log-log line which represents the value “n” in the Hill-Barcroft equation exp 
the general characteristics of oxyhemoglobin dissociation: 


BbO. 

Hb 


= K (pO,)n 


or log HbOj/Hb = log K + n log (pO.) , ^ 

die pO. 50 per cent value represents the degree of shift of the dissociation curve ° b 
r left of the standard position while the value “n” determines the degree of - id" 
nfleetion of the curve. 

4H pO, values were corrected to a standard pH, of 7.40 by the equation: 


A log pO. 
A pH 


K 


v.. s reason to suppose that the value of the constant K in this equation 
ould trtL same for degyeerolized blood as for fresh blood, determinations of the cons 
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were carried out by construction of multiple dissociation cunes on aliquots of dcghcerohzed 
a*nd*citTatCHle\tro>e or dcgUcorolized heparinized blood in which the pH was altered widely 
by alterations of pCO., or addition of lactate or sodium bicarbonate. The "value of K 
for deghcerolized heparinized blood was found to be —0.475, standard deviation 0.060 
<eight determinations'). The value of K for deghcerolized acid-citratc*de\trose blood was 
found to be -0.2945. standard deviation 0.0117 ^seven determinations: pll 6.55 —* 7.44). The 
standard \alue for K of -O.4S0 abo\e 7.00 pH and -0.460 below 7.00 pH was used for fre*»h 
heparinized and ACD blood correct!on 



A -Method of construction of ox>hemoglobin dissociation curve Between three 
Th° cnH,,2/J 5en “ atl ? ns are made equating oxyhemoglobin saturation to pO: at a given pH. 
^moginhv? tlon va ‘ Ue is com erted to the ratio: ffbOz. Hb (oxyhemoglobin per cent/reduced 
Wmts t? 61 " ce . nt ) and the pO- value corrected to a standard pHs 7 40 equivalent. These 
tor poTsf 1 » n P*°tted on log-log paper <I) to gi\e a straight line. Values are computed 
of thA iinJ winch ox> hemoglobin saturation is 50 per cent and 4 n f ’ representing the slope 
th* fwet i '-omentiona! dissociation curves are constructed (II) by reading off points upon 
log-log line 


RESULTS 

Standard Curves for Fresh Heparinized Blood From Healthy Donors and 
operative Patients.— 

. r^° COn ^ 1Ta *he validity of our methods, six curves were constructed using 
IIT * heparinized blood of healthy donors and patients preoperative for thoracic 
Peration. without evidences of anemia, polycythemia, or arterial oxyhemo- 
ni desaturation. The conformity of the standard curve resulting from 
o^aging these values is shown in Fig. 5. The p0 2 value for 50 per cent 
emoglobin saturation was 23.S1 mm. Hg with a standard deviation of 







618 


O’BRIEN AND WATKINS 


J. Thoracic anj 
Caidious, Surj. 


3.15 mm. Tig. The value of “n” was 2.540 ± 0.13. The standard curve con¬ 
forms closely to the curve of Morse 15 for adults. It is likely that the larger 
standard deviation for our p0 2 value results from the use of blood from an 
adolescent and two children in our standard curve computations. Since most 
of the blood donor's in this series were healthy sailors in late adolescence, altera¬ 
tions of contour of the individual blood specimens from published adult standard 
curves might be expected . 3 ’*• 15 Conclusions are based largely on the comparison 
of curves with eonti’ol curves on that blood or changes in contour oi the 
individual curves with the passage of time. 

Hb0 2 



pC>2 mm.Hg 


Fit?- 5.'—Comparison of our normal control oxyhemoglobin dissociation curve to the cur\e. 

reported by Dill 3 and Aforse 15 


Fresh Acid'C it rat c-D ext rose Blood Preserved at 4° C .— 

Contrary to the findings of Valtis and Kennedy, we found a significant 
shift of oxyhemoglobin dissociation to the left on the first day of storage at 
4° C. In two such units, pfh-50 per cent values were 11.0 and 17.5 mm. Kg. 
Valtis and Kennedy could demonstrate significant shifts only after storage ° 
such blood at 4° C. lor periods of more than 7 days. 27 Ve demonstrated that 
tiw shift showed progression with prolonged storage at 4° C .—a finding con¬ 
sistent with the observations of Valtis and Kennedy. 27 

Blood Collected in Acid-Ciimte-Dcxtrosc Solution, (Jlyccnjlizcd, and Frozen 


at -80° C. for Periods up to 31 Months .— 

It was impossible to detect a significant shift of the oxyhemoglobin dissocia¬ 
tion curve in blood immediately upon reconstitution after -80° C. storage for 




W. 40. No.: 

N:vf-b«. I°o0 


GAS-EXCHANGE DYNAMICS 


619 


up to 31 months (Fig. G). Although a slight deviation to the left from the 
normal curve was observed in four of five units studied, the pO ; -50 per cent 
value was altered less than 3.6 nun. Hg in these units, an insignificant change. 
Moreover, there appeared to be no consistent progression of the slight variation 
dming successive months of -SO 3 C. storage. It was not possible to compare 
dissociation curves observed before freezing with curves obtained on the same 
blood after storage since all units were glyeerolized and frozen before tbe 
inception of this study. 


HtOz 
V, SAT. 



—-Oxyhemoglobin dissociation curves for blood collected in acid-citrate-dextrose 
and P res€rve <* for varying lengths of time at —S0° C. After thawing and deglyceroliza- 
now’ v S , vrere determined immediately and after several days’ additional storage of the 

#£. blood at 4° C. Although insignificant shifts are observed immediately upon thawing, 

- characteristic Va It is-Kennedy shift is observed as the blood is stored at 4° C. 


The characteristic significant shift of dissociation to the left was observed, 
lowever, when these units were stored at 4° C. for periods of 8 days or over 
>|fter deglyeerolization and reconstitution. Tbe magnitude of the shift at 
b- did not appear to be greater than that observed by V a It is and Kennedy 

oi fresh acid-citrate-dextrose blood stored at 4° C. for comparable lengths of 
ume. 2r 


^ ( 00 ^ Collected in Heparin-Saline Solution, Glyeerolized, and Frozen at 
C. for Periods up to 7 Months .— 

left ^' a ^ e * '"Coates a significant shift of oxyhemoglobin dissociation to the 
e m curves determined immediately after reconstitution following collection 
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in heparin, glycerolization, and freezing. Since iieparinized Wood is rot stored 
at 4° C. after reconstitution but is used immediately for pump priming and 
transfusion, studies were not conducted to indicate progression of the shift on 
prolonged storage. Attention is directed to the in vivo observation that the 
shift was corrected in a much more rapid manner following total blood volume 
replacement with heparinized deglycerolized blood than with fresh acid-citrate- 
dextrose blood volume replacement (Fig. 7). Despite the magnitude of the 
early shift observed in vitro, the clinical study carried out and demonstrated 
in Fig. 7 suggests that correction may be so prompt that shifts comparable to 
those demonstrated in vitro could not be shown. 

Dynamics of Oxygen and Carbon Dioxide Exchange .— 

The oxyhemoglobin dissociation curve expresses the static equilibrium con¬ 
ditions of oxygen transport and gives no indication as to the rate at which 
oxygen will combine with hemoglobin in the red cell. We have used a pump- 
oxygenator circuit to study these dynamic changes. In one experiment, our 


MASSIVE TRANSFUSION- 
ACD 13 DAYS at 4"C 


MASSIVE TRANSFUSION- 
FROZEN HEPARINIZED 



—PREOPERATIVE 
-IMMEDIATELY POSTOP 
~P.O DAY 2 

-PO DAY4 PC 

Praop < 

Immed PO l 

Doyl I 

2 I 


p0 2 mm. Hg of pM s 7.40 

Fig- 7—Studies in patients aftei total blood \oliime replacement with bank ACD Woo^ 

stoied by the comentional techniques at 4° C for 13 daxs, as compared to siimia* \ 
w ith blood which had been preserved m hepann and frozen at -SO* C oritixe 

ACD IS Dans A 47-j ear-old ciane operator undergoing total caldiac bjP^.^jLeJiuro 
treatment of aortic stenosis receixed 4,500 nil of bank ACD blood late durum VmrnmPllcated 
\ pronounced left-shift has not completely corrected by the fourth day or ms \ an ah 
comalescence (An 11-dav cune was not suitable for computation because ol 
errors ) . , i.pparin 

Frozen Heparinized * V. ]3-ieai-o!d grnl recened 4,800 ml of frozen de^lyccro r Oll i nlon ic 
blood stored 3 to 12 days at -80° C dunnjr total caidiac bxpass for correction » er athe 
stenosis Shift was obserxed immediately after opeiation. but curves drawn °*J r r patient 


days 1. 2, and 11 showed no significant dexiation from the control curie 
showed bleeding tendencies nor late difficulties 




p(X FOR 50% II 1)Q; 


17.2 mm. Hg 1 


Mean and S.D. 

Normal Control Curies 
Mean ami S.D. 


16.3 ± 3.9S 


23 8± 3.35 
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pump-oxygenator-' was primed with fresh heparinized venous blood and the 
rate of oxygenation under standard conditions observed. In another experi¬ 
ment. deglycerolized heparinized blood was used in a similar manner. Since 
the oxyhemoglobin saturation changes were not comparable in the two ex¬ 
periments. direct comparisons are not possible but equation to published 
figures for bypasses indicates that no gross impairment of oxygenation 
rate is induced by the glycerolization process. In the recirculation experiment 
with fresh heparinized blood, we found that our disc oxygenator introduced 
into venous blood 2.88 ml. of oxygen per disc per minute in raising oxyhemo¬ 
globin saturation from 42 to GS per cent. Gross and associates' - ' found that 
their oxygenator introduced 3.0 ml. of oxygen per disc per minute at com¬ 
parable saturation levels. Using deglycerolized heparinized blood (which had 
been stored 6 months at -SO 0 C.) as a prime in our oxygenator, we found 
2.22 ml. of oxygen per disc per minute was introduced to raise oxyhemoglobin 
saturation from 63 to SS per cent. Gross and associates 0 reported an exchange 
of 2.0 ml. per disc per minute. Thus we conclude that no gross deficiencies 
in oxygen uptake dynamics exist following glvcerolization of blood. Further 
studies are in progress to document precisely these dynamic changes as well 
as the conditions of carbon dioxide transport in the above experiment. The 
rate of change of blood pCO = did not significantly vary between the two types 
of blood. 


discussion 

Tfe have confirmed the finding of Yaltis and Kennedy 27 that the oxy¬ 
hemoglobin dissociation curve shows a shift to the left as fresh aeid-citrate- 
dextrosc blood is preserved at 4° C. beyond S days. They concluded that the 
shift was dependent upon changes in intracellular electrolyte concentration and 
PH, and could be prevented by the addition of sodium chloride solution to 
the preserved blood to bring the final concentration of sodium chloride to 0.45 
Per cent.- 0 The present deglvcerolization technique does not result in significant 
shifts of the oxyhemoglobin dissociation curve during periods of storage of 
the citrated blood cell at -80° C. up to 31 months, despite the considerable 
alterations of electrolyte concentration which must occur during glvcerolization 
and deglvcerolization. However, we have demonstrated that shifts do occur 
eaih following reconstitution of heparinized deglycerolized blood. This aspect 
°f the problem is under investigation since it is just this blood which should 
Possess a normal oxyhemoglobin dissociation pattern at all times in "view of 
1,S use D 1 pump-oxygenator perfusions. Although the shift appeal's to be 
rtpidh correctable once the blood is infused in the body, elimination of the 
y;;;' ' v ° 11 ^ be desirable. At the present time, our washing solutions in the 
JU.'cerolization phase are designed to bring heparinized blood to a pH of 
y ’ eom parable to that of acid-eitrate-dextrose blood. This pH has been 
Tim' 11 t0 nlax ^ ma l survival of red cells when blood is stored at 4° C. 

10 use of large volumes of heparinized deglycerolized blood at this pH in 
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extracorporeal perfusions has not resulted in serious body acid-base disturbances 
but we would prefer to have our wash solutions adjusted in the future to allow 
for a more physiologic pH early during a perfusion. There is no necessity 
for keeping heparinized deglycerolized blood at a pH of 7.1 since it is not 
stored for long periods of time after reconstitution and hence should not 
necessarily meet the requirement of acidity indicated for reconstituted aeid- 
citrate-dextro.se blood. This latter blood after reconstitution is kept for days 
at 4° before conventional transfusion therapy while reconstituted heparinized 
blood is withdrawn from the freezer and used promptly on reconstitution. 
As a consequence, our present investigations are aimed at (a) adjusting final 
washing solutions in the deglvcerolization phase to bring the thawed deglycerol¬ 
ized blood to a pH of 7.4, and (b) to increase the sodium chloride content of the 
washing solutions just sufficiently to eliminate the Valtis-Kennedv shift ob¬ 
served for frozen heparinized blood. It is hoped that the latter maneuver 
will eliminate the shift without producing' serious derangements of plasma 
electrolyte concentrations iu the final reconstituted blood package. The ability 
to perform these various adjustments easily and without loss of blood sterility 
is a great advantage of the glycerolization freezing process. 


SUMMARY 


1. Blood treated with glycerol and stored for prolonged periods of time 
at -80° C. may be used as a suitable medium for pump priming and trans¬ 
fusion in cardiovascular surgery. The glycerolization process requires the 
separation of cells from plasma and addition of glycerol to the cell fraction 
in a modified Cohn fractionator. 

2. Blood collected in acid-citrate-dextrose solution and preserved at -80 C. 
for up to 33 months demonstrates no deviation of oxyhemoglobin saturation 
curve comparable to that which has been demonstrated for fresh acid-citia e- 
dextrose blood stored at 4° C. beyond 7 days by conventional blood banking 
techniques. 


3. Blood collected in heparin-saline solution, glycerolized, and frozen shows 
a significant shift of the oxyhemoglobin dissociation curve to the left when 
reconstituted after 4 to 210 days’ storage. On infusion of such blood into a 
patient as a total blood volume replacement, the shift is corrected in less than 
1 day. Similar shifts induced by total blood volume replacement with ban* 
ACD blood stored over 13 days at 4° were not corrected completely at the ctu 


of 4 days. 

4. The rate of exchange of oxygen and carbon dioxide in a pnmp-oxygenatoi 
is the same for deglycerolized heparinized blood as for fresh heparinized hlooi • 

5. Studies are in progress to adjust the technique of cell washing so that 
the addition of sodium chloride to the reconstituted heparinized blood "> 
eliminate the oxyhemoglobin dissociation shift. 

Lt. (jg) John W. Zemp collaborated with us and performed many of the anab 
reported. We are also indebted to Capt. Lewis L. Baynes, Chief of Surgery, U. S- 
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Hospital. Commander Man - V. Sproul, ami Dr. James L. Tullis and associates (ot tlie 
Protein Foundation. Inc.) for encouragement and advice. They are not responsible tor any 
errors note! by tie reader. This v,ork would not have been possible without the assistance 
c: J. A. Cavins. Lt. (MCt DSXR. and the prolonged labor by our technicians in the 
Preservation Laboratory. B. C. Sutherland HM-2. ESN, M- Bethea. HMC ESN. and our 
pump technician*. Mr. Ralph Sommers and Mr. Joel Johns. 
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THE RELATIONSHIP OF THE SYMPATHO-ADRENAL SYSTEM 
TO POTASSIUM FLUX AND CARDIAC IRRITABILITY 
INDUCED BY ALTERATIONS IN BLOOD pH 

Bernard Goolt, Al.D. (by invitation). ]. C. Rosenberg, Al.D. (by invitation), 
Richard C. Lillebei, Al.D.. and Fletcher A. Aliller, Al.D. (by invitation ), 
Minneapolis, Minn. 


previous experiments in this laboratory have indicated that rapid reversal 
t of the arterial pH to normal after prolonged inhalation of carbon dioxide 
has a far more deleterious effect upon cardiac function in the dog than the 
antecedent acidosis. 1 - 2 Arrhythmias thus invoked frequently culminate in 
Ventricular fibrillation, a sequence of events which may have a counterpart 
in clinical cases of unexplained cardiac arrest. 1 - 4 Data will be presented herein 
remonstrating that during this critical period a rapid loss of myocardial 
Potassium and a significant diminution of plasma levels of circulating catechol¬ 
amines occur. 


During hypercapnia there is a gradual rise in the levels of serum potassium, 
P osphoms, and glucose with a concomitant drop in the level of ultrafiltrable 
c a cium. In the immediate post-hypercapnic period, instead of the normal 
I<; ^Uonslrip of these ions being restored, there is a further divergence, the 
ratio of calcium to potassium dropping to one third of the control. 3 This 
critical period has a temporal relationship to the onset of arrhythmias and 
11 atlon , which may, however, be prevented by measures designed to maintain 
a normal ratio of ion concentrations. 5 


. knowledge that levels of catecholamine in plasma are elevated during 
espiratory acidosis, along with our previous demonstration that epinephrine 
to ministration prevented post-hypercapnic ventricular fibrillation,® suggested 
us t iat the rapid changes in ion concentration when the blood pH is suddenly 
I ' ,ince d to normal might be associated with a drop in circulating catecholamine 
'es. This stimulated further investigation concerning the relationship of the 
ympatho-adrenal system to the fluctuations in ion concentration that occur with 
111 PH and/or carbon dioxide tension. 


° f MinneSOta ’ and Mount Sinai Hospital Jay 
Heart Association' 35 supported b X reants from the Hartford Foundation and the Minnesota 
at ot The American Association for Thoracic Surgery 
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METHOD 


The following groups of experiments were carried out on healthy mongrel (logs. 


Group I .—In 7 dogs, simultaneous sampling of potassium levels in arterial and coronary 
sinus blood were performed during respiratory acidosis and in the critical post-hypercapnic 
period, plus analysis of plasma epinephrine and norepinephrine during the same period. 

Group II .—In 14 dogs, measurements of potassium were carried out as in Group I, 
except that these animals were treated with cither epinephrine or norepinephrine in the im¬ 
mediate post-hypercapnic period. 


Group III.—In this experiment, arterial and coronary sinus potassium levels wo 
measured in 13 normocapnic dogs following rapid intravenous administration of epinephrine 
or norepinephrine in a dosage sufficient to produce arrhythmias (8 micrograms per kilogram 
of body weight). 


Group IV .—In this series of 8 dogs, the experiments were similar to Group 111, fsl '° 
that the liver was excluded from the circulation by clamping the hepatic artery and port.il 
vein prior to administration of the catecholamines. 


Group V .—This consisted of the measurement of arterial potassium levels during 
the inhalation of 30 per cent carbon dioxide in oxygen in a scries of 8 adrenalectomizod dogs. 

The standard experimental technique of inducing ventricular fibrillation folio"mg 
respiratory' acidosis, as described previously, was employ-ed. 2 In addition, in each amma a 
cardiac catheter was inserted into the coronary sinus via the jugular vein under fluoroscopic 
control. The position of the catheter was subsequently checked at autopsy. Simultaneous 
samples of arterial and coronary sinus blood were obtained at appropriate intervals 
potassium analysis. Electrocardiographic and blood pressure tracings were recorded m or 
mittently. 

Plasma catecholamines were measured by the technique of Weil-Mallierbe and bom- 


Table I. Plasma Catecholamine Levels During Inhalation of Carbon Dioxide asi> k 
the Immediate Post-hypercapnic Period 


J rOST-ACH>OS*S 


t 

CONTROL | 

15 MIN. 
CO,(30%) I 

| 2 HOURS 
| CO, (30%) | 

I 4 HOURS 
| CO. (40%) 

1 3 MIN. | 


Epinephrine 

(microgram/L.) (mean) 
Standard error 

0.29 

±0.1 

1.51 

±0.53 

2.00 

±0.38 

5.44 

±1.06 

1.35 

±0.45 

3.20 

+0.9S 

Norepinephrine 
(microgram/L.) (mean) 
Standard error 

2.09 

±0.2 

4.41 

±0.62 

5.08 

±0.55 

9.40 

±1.01 

5.80 

±0.95 

5.6S 

+0.97 

Blood pH (mean) 

Standard error 




0.73 

±0.01 

7.39 

±0.03 

_— 


RESULTS 

Group) /.-—-The results in this group arc summarized in Fig- 1- ^ c! j" 
be seen that, as the dog inhales carbon dioxide, the potassium level 1,1 • 
rises in both the arterial and coronary sinus blood, but there is no sign> lC ‘ 
difference between these two sites. After 4 hours on carbon dioxide t' ic l 1 ^ 
has dropped to 6.7 and the potassium levels in the arterial and coronary 
samples are almost identical. In the immediate post-hypercapnic period t 
is a definite rapid rise of the potassium in both systems; however, the coionn . 
sinus samples were consistently higher by an average of J.5 mEq. per liter. 
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The epinephrine and norepinephrine titers during this same period are sum¬ 
marized in Table I. A gradual rise in both of these substances occurs through- 
out the period of acidosis, particularly when the animal inhales 40 per cent 
carbon dioxide. This is in complete agreement with data previously reported 
by Nahas. s In the post-hypercapnic period, at the identical time when the 
potassium divergence described in Fig. 1 is maximal, these levels dropped 
precipitously. 




7 exDpifmoA"T' Th L s a raph illustrates the average effect on potassium levels in a series of 
clitninatiTn^U W ler U'C. j • ~ , T i: i tered in the post-hypercapnic period. The virtual 

Period iloc o the . ■ : ' 1 difference that occurs in control dogs during this 

+3,5 mrvT/r a C .™ S1E ' u" ' 'o' '' . experiments. The difference ranged from -0.5 to 

in a serio= Ar a + 3 , min - and from -1.3 to +0.5 mEq./L. at $ min. Similar results were obtained 
or t dogs when norepinephrine was administered during this period. 


Group II .—When epinephrine or norepinephrine is administered in the 
Post-hypercapnic period continuously intravenously, at a rate sufficient to 
but U1,a ^ ri (adequatel y) the systemic blood pressure, the serum potassium rises 
in ■p d * vergence tte potassium levels does not occur; this is demonstrated 
r j lg ' The arrhytlimias seen in this period are more typical of an epinepli- 
ne e ® ect a ud generally rapidly revert to normal. 
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Group III. —Fig. 3 illustrates the changes that occur in the levels of arterial 
and coronary sinus potassium when either epinephrine or norepinephrine in a 
dose of 8 mierograms per kilogram is rapidly administered to normoeapnic 
dogs. There is a biphasic effect with arterial potassium rising more rapidly than 
that of the coronary sinus to reach peak levels at 1 to minutes and then 
dropping gradually below the coronary sinus levels. It is of interest that, 
although the peak in arterial potassium occurs at 60 to 90 seconds, the greatest 
arteriovenous difference occurs earlier and is associated with severe arrhythmias. 

Group IV .—-Exclusion of the liver from the circulation by the method 
described does not prevent the arrhythmias following infusion of epinephrine 
or norepinephrine despite the fact that there is no rise in potassium levels or 
any major arteriovenous difference, as illustrated in Figs. 4 and 5. 

Group V .—Adrenalectomy did not prevent the arterial potassium rise m 
dogs breathing 30 per cent carbon dioxide for 1 hour. The dogs were intolerant 
of higher carbon dioxide levels or more prolonged periods of exposure. 



3.—This graph illustrates the average changes that occur in the levels jj 


Fiir 

. ~~ -• - <-nv u>v,u*(jv. vi>UMtjva ».»•“.>• v. . 

in arterial and coronary sinus blood when epinephrine was administered to “—"■WVhrjjiasIc 
normoeapnic dog’s in a dosage of S mierograms per kilogram of body weight. JL" n i ne nhrtoe. 
effect was a consistent Undine and could e' ' ' ' " Iministration of t <o +3 5 

The arteriovenous difference was usually • ’ and ranged trom +«• 

roEq./h. for epineplvrine and from +0.5 tc -epinephrine. 


DISCUSSION 

Dogs inhaling high concentrations of carbon dioxide exhibit a gradual, 
although significant, sustained rise in blood levels of potassium, epineplumc, 
and norepinephrine. Tenney 8 has suggested that the serum potassium elevation 
is the result of release from the liver following sympatho-adrenal stimulation. 
However, since we were able to demonstrate an elevation of the serum, potassium 
in the adrenalectomized animals, it must he pi’esumed that this hepatic xespouse 
can be triggered by stimuli other than the catecholamine release from the Athene 
glands. 

Fenn 10 postulates that, with the inhalation of high concentrations of car ou 
dioxide, large quantities of potassium are released from the liver, sumcien 
raise serum levels over and above a shift of potassium into the tissues, v> uc 1 
he believes occurs under these conditions. The absence of any significant art*”” 
venous divergence during the inhalation of carbon dioxide, as shown in I’ igs_^ 
and 2, should not necessarily be construed as indicating lack of myoeaxo. 
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potassium uptake, for Brown 11 lias recorded markedly increased rates of coro¬ 
nary flow during this period; such an increase in flow could diminish the 
potassium differential below the range of analytical accuracy. 

The post-hypercapnic period is characterized by a negative arteriovenous 
difference in potassium levels. This represents a rapid directional flux of 



, 11 C- 4 .—This graph illustrates the effects of epinephrine on arterial anti coronary sinus 

potassium after exclusion of the liver from the circulation. Dosage S micrograms per kilogram. 

of eight experiments. Arterial potassium does not rise and the arteriovenous difference 
remains within the range of analytical error and ranges from +0.2 to +0.S mEq./L. 



Potassium 
meq/liter 


Control 
Art. 3.2 
C.S. 3.2 



30 Sec. 
Art. 3.4 
C.S. 3.3 



I Min. 1.5 Min. 

Art. 3.6 Art. 3.4 


C.S. 3.3 C.S. 3.1 

microti?' —This illustration shows the effect upon the electrocardiogram of 
Arterial ms , Per kilogram of body weight) after exclusion of the liver from 
* U ancI coronary sinus potassium levels are shown. 


epinephrine (1G 
the circulation. 


Potassium from the myocardium immediately prior to the development of 
'entricular fibrillation. In addition, a precipitous fall in levels of catecliol- 
amine occurs during this critical phase. 

Since epinephrine or norepinephrine administration during the critical 
post-hypercapnic period protects against ventricular fibrillation, it is of added 
significance that these substances, as shown in Fig. 2, will also prevent the 
ap . loss of myocardial potassium that normally occurs in the posthypeveapnic 
Pmod - In fact > in some dogs, administration of these drugs effected a reversal 
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to a positive difference. In normoeapnic dogs, epinephrine and norepinephrine 
regularly caused a positive arteriovenous difference as show in Fig. 3, in¬ 
dicating an uptake of potassium by the heart. We were not able to demonstrate 
such uptake of potassium after exclusion of the liver from the circulation. 

In conclusion we are advancing the hypothesis that the development of 
ventricular fibrillation in the post-hvpercapnic phase may be due to a very 
rapid loss of potassium from the myocardium incident to a drop in plasma 
catecholamine levels, and that epinephrine or norepinephrine protects the heart 
under such conditions by preventing this rapid potassium flux. Our data indi¬ 
cate that the rapidity of loss of myocardial potassium is more important in 
initiating the fibrillation than the mere rise of serum potassium in the circulat¬ 
ing blood. 

SUMMARY 

1. During respiratory acidosis there is a rise in the potassium levels in 
both arterial and coronary sinus blood. There is no significant difference in 
these levels while acidosis is maintained but, in the immediate post-hypcreapmc 
period, there is a further rapid rise in these levels, that of the coronary sums 
being much higher which indicates loss of myocardial potassium. This period 
of significant arteriovenous difference has a temporal relationship to sevcie 
cardiac arrhylhmias. 

2. Plasma levels of epinephrine and norepinephrine are elevated during 
respiratory acidosis. The post-liypercapnic period is associated with a P 1C " 
eipitous drop in the previously high levels. This too lias a temporal relationship 
to the arrhythmias occurring at this time. 

3. The administration of epinephrine or norepinephrine to normoeapnic 
dogs has a biphasic effect on myocardial potassium flux. 

4. Exclusion of the liver from the circulation prevents the rise in lei els of 
potassium that result from the administration of epinephrine or norepinephnne, 
but does not necessarily prevent arrhythmias. Significant arteriovenous diffei 
ences in potassium levels were not detected by the method employed. 

5. The administration of epinephrine or norepinephrine in the post-hypo^ 
capnic period eliminates the negative arteriovenous difference in lei els o 
potassium and prevents the occurrence of ventricular fibrillation. 
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(Papep.s b\ Roe [p\ge 361], Munoz [r\Gr 36S], McCxughxn [e\ge 574], Mei-edith 
[page 5S2], Moulder [page 5SS], McLaughlin- [page 602], O'Brien- [p\ge Oil], Goott [page 

625], ANTI THEIR \SSOCl VTFS) 


DR FREDERICK S. CROS^. Cle\ eland Ohio—In the process of de\ eloping a sub 
coronary aortic valve pro-lhesis Dra Gerem. Richard Jones and I have gone off on the 
tangent of developing a single leaflet tape prosthesis Certainly. there are clinical instances 
when this will be entirely satisfactory, if not preferable to replacing the entire aortic valve. 

Our work has been dinded into the proper de-ign of the leaflet, and techniques of 
insertion The leaflet that ue have been using is constructed over a cast of the sinus 
of I abalva area, utilizing particular!, the noncoronary cusp It consists of a baching of polv 
urethane, to which is sutured, at the pre=ent time, pericardium either as a single oi 
double layer The leaflet is rather easily inserted through a longitudinal incision A single 
'uture is placed to anchor the apex with an instrument remarhablx similar to the one 
de'enbed by Dr Roe A layer of continuous sutures is then placed across the top edge 
of the baching 


[Slide] From this slide showing the \alve in =\^tole it can be seen that the prosthetic 
pericardial leaflet is remarkably similar m the way it ‘‘floats’’ open to the normal ialve- 
la renewing the movies of valve function, it is difficult to distinguish the prosthetic cusp 
from the normal ones if one does not see the suture line shown here 


[Slide] This slide shows the leaflet to be perfect! competent during diastole The 
competency of the valve after placement of the prosthetic monocusp lias been clinched 
Wltfl aortic pressure tracings 


[Slide] Unfortunately, the pericardium does not hold up well, and there is an early 
eposit of iibrm at the point of its contact with the other valve leaflets which in a period 
°f about 60 hours ends up loohing lihe this 


Xow as I said, although the materials that we have are not entire! sitisfacton, 
^ unh the desigu 0 f the leaflet is good, and the future of tins worh lies m the utilization 
0 other natural tissues, such as segments of rein, rather than pericardium, and in the 
opment of complete plastic leaflets aud entire aortic valves utilizing tins basic design 


DR CHARLES A. HUFX AGEL, Washington D C—Dr Potts once said that if a 
|uun once has an idea that he thinks is real! new, that he will love it like a son former. 
uiTh ** Km "* 1 turns out to be a moron (laughter) I hope this is not necessarily true 
^ " e bnve always continued our interest m aortic calve replacement, and our interest 
renl ^ W <loing this in the normal aortic position We have accomplished aortic v.alic 
n , Ce ™ ent bot!l 111 terms of single cusp replacement, multiple cu=p replacement, and single 
replacement 

1 ' Vlth ttc ^d’. ent of new approaches to the aortic diseases w e have developed 
' od of cardioplegia produced by local cold alone We have now almost 100 patients 
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" lth p f I0ds of cardlac arres t ranging from 30 minutes to an hour and 40 minutes with 
no instance of difficulty—major difficulty—in resuscitation. Most of these patients have 
lad some form of aortic valve surgery, and approximately 50 have had replacement oi 
cither one or more cusps. 

The mortality rate in this group has boon approximately 28 per cent over-all, and in 
the last 20 patients it lias been less than half of this figure. None of these fatalities lias 
Jeon due to failure of the heart to resume a satisfactory beat. 

This shows one of the types of cusp which is currently in use and which seems to 
be highly adaptable. 

[Slide] This is a valve composed of a Dacron cusp which is impregnated with silicone 
rubier. The seif-sealing feature of this cusp necessitates only a few sutures at the base, 
and healing occurs into this edge of the seif-seal which is cloth alone. Tissue does not grow 
into this but into the leaflet itself, and this preserves the elasticity of the leaflet. 

[Slide] ' It has been our impression, experimentally that when tissue grows into a 
e ot i leaflet, it stiffens, and we have find to reoperate upon 1 patient because of this 
stiffening. This is the cloth, impregnated with rubber. 

[Slide] This show's another view of the same thing. 

[Slide] This is a more sophisticated version of this for the noncoronary cusp with 
a stape in the cusp edges. This makes fixation extremely rapid. We have usually placed 
the cusps in the coronary cusp by using sutures as Dr. Roe described in his beautiful 
presentation of this total valve replacement. 

It. seemed to us that the annulus of the aorta is still a scalloped curve, and we strongly 
believe that the base of the artificial valve or cusp must also follow this curve. This area is 
the true annulus which is tremendously tough, and which holds sutures well. When one tries 
to follow a constant single plan, one must either enter myocardial fiber or aorta, anil the 
tissue adjacent to the annulus of the aorta is soft. 

[Slide] This show's a further adaptation on account of the scaling. Tho three cusps 
aro a single unit, and this also utilizes the single principle of what wo have termed a self-seal, 
which minimizes the use of a housing. This is a highly functional total valve replacement 
with which w'e aro highly gratified. 

DR. ROBERT IV. OLIVINE, Boston, Mass.—While considering possible methods f« r 
extraction of calcium deposits from diseased heart valves, Dr. Watkins and I thought of 
applying tho principle of tho Stryker cast cutter in shattering rigid plaster without dis¬ 
turbance of soft dressings and tissue. Wo found that a 26,500 cycle ultrasonic sound 
probe applied directly to autopsy specimens of calcified valves efficiently shattered and 
extracted the calcified concretions. 

11 o thought, however, it w-as necessary to determine exactly w-hat damago niigld 
occur to adjacent soft tissue. The ultrasound probe w'as applied" directly to the septa! 
leaflet of a number of normal dog tricuspid valves. Immediately after application of the 
ultrasound probe, petechiao W'ero seen on the valve cusp. This specimen shows a valve 
that was treated approximately 35 days prior to sacrifice, demonstrating an organized 
hematoma on tho valve cusp. The cusp is becoming sclerotic. 

This slido shows a lesion that is approximately SG days old, demonstrating consider¬ 
able sclerosis and thickening of the valve cusp. 

This is another specimen at 77 day's [slide] and shows essentially tho same changes. 

The essential histologic pattern is that of a rather bizarre, loose, fibrous structure 
somewhat myxomatous in nature within tho valve cusp substance. 

It is also interesting to note that thcro is no apparent damage occurring to the 
conduction system or to the aortic valvo directly opposite tho point of ultrasound npphen 
tion. 
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We would like to emphasize that there are certain dangers associated with some 
of the techniques that are being u«ed tor extraction ot calcium concretions from valxes 
We might ha\e, in ultrasonic sound a useful tool for the experimental production of 
\alvular lesions permitting subsequent study of the hemodi namic change 55 occurring in 
hearts which have had a chronic le-ion closely resembling that of rheumatic heart disease 


DR BOX R MIDLER. Kansas City, Kans— In Dr Allbritten*s absence I Mould like to 
bring attention to the blood phase which, in addition to the gas permeability of the mem 
brane**, appears to be important m the oxygen uptake In blood in membrane oxygenators 

[Mide] Me ha\c been working in the laboratory using a inembrane de\ice of basic 
design similar to the Clowes oxygenator, but which utilize" simplified supported Silastic mem 
brane bags m which are incorporated feature" to induce mixing within blood films and to 
control thickness of blood films One of the bags i" shown m this slide 

Ba«ie studio** by Thomas Marx of the Midwest Research Institute, designer of this 
oxygenator, indicate there is laminar flow in comentional models of membrane oxygenator" 
and a static layer of blood [slide], which is depicted rather «imph here, adhere" to the 
surface of the membrane and acts as a barrier to the uptake of oxygen by the blood not in 
immediate contact with the membrane 

[Slide] The adducing interface between siturated and un« iturated blood has been 
photographed in this static blood film experiment in which blood in a diffusion cell separated 
from oxygen by this membrane was observed through a Lucite plate This static layer m 
crea"e" the distance through which oxxgen must diffuse before reaching the unsaturated 
blood The introduction of internal flow ob"tructions to produce turbulence within the blood 
film 1ms re"ulted in greater oxygen uptake, e\en with thicker blood films than tho"e used m 
the laminar flow experiment" 

Other change" which theoretically should nn rease oxxgen uptake m the blood phase, 
^ ut winch are more difficult to accomplish in a membrane oxxgenator, are greater velocity to 
decrease the thicknO"* of the static la\er and thinner blood films to decrease the length of 
the oxygen diffusion path 


DR P\T7L F WARE, Worcester, Mas"—I would like to prc"put very briefly, if I may. 
one other method of getting at this problem, partuularh for tliO"e of us who perhaps are 
oniv occasional members of perfusion group" and mu"t use every parameter we possibly 
tan for s a f e monitoring 


[Mule] We ha\e been using in the laboratorx and also clinically a type of reflection 
oximeter developed by Dr M Polanyi of the Vmcnean Optical Company aud te"ted by Hohir 
ln the chemistry laboratories of the St Vincent Ho"pital 

^ow, it's very difficult to use a spectrophotometrie method, because we do de"tro\ 
^ttnples The method is lengthy, and it doesn't give us the information we need m the couise 
perfusion Originally, Ziflstra did produce a reflection oximeter, and this was further 
coped by Rodrigo They used, however, onh one wave length, and this tyqie has had 
Ter > llttle application climealh 


^ In our tvpe of oximeter two wa\e length" are utilized It is an absolute oximeter 
°u ^an U"e it with either dog blood or human blood and you do get a practicalh m 
antaneous recording Other virtue" are that it i" independent of hemoglobin content, 
.gen saturation, or temperatuie 


'■ata 1 JUSt ttl ‘ i ls a slIn I l,e tiiug-tcn lamp at this point, cm otto, and Wood 

liarjf' T,iere 1= an angle of 133 degrees here, and the density of the Wood i- reflected 
■ There are interference filter- here which make the Wood don-iti concentrate in a verv 
rr0Vl wave length bach on the photo cell 


[Wide] 
lc flected by 


utilizing the-e two wave lengths, we then can prove that the light, diffused 
an unliemolyzed sample, is correlated with the oxygen saturation You choose 
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wave lengths, such as has been done here, to give a maximum difference between the extinction 
coefficients of oxyhemoglobin and reduced hemoglobin. 

Utilizing this present instrument with these wave lengths, you don’t have to worry about 
the intensity of the incident light. You don’t have to think about the geometry of your 
arrangement, and the difference between individual blood samples doesn’t enter into your 
calibration. 

This slide simply shows that the ratio of light reflected by a nonhemolyzed blood sample 
is a linear function of the oxygen saturation. 

[Slide] This is simply to show how small an arrangement in space is actually neces¬ 
sary. This is a standard pump-oxygenator, Olson type. One can run a small line off the 
arterial line—also off the venous line—run it through the oximeter; one simply pinches the 
tubing for a few seconds and takes a reading. This gives you an instantaneous recording of 
what the actual venous or arterial oxygen saturation is. We have found this very convenient 
for use clinically. 


DR. WILLIAM H. LEE, JR., Charleston, S. C.—The departments of surgery and 
pharmacology at the Medical College of South Carolina also have been interested in these 
observations of the rebound arrhythmias which occur following periods of acidosis. I 3 US ^ 
wanted to bring up the fact that other stimuli besides hypercapnia can set off the same 
reaction. 

[Slide] For example, in this slide, which shows the epinephrine and norepinephrine 
levels which occur following azygos flow—this is used to produce a situation with a hypos 111 
or ischemic acidosis, and during the 10-minute phase of reduced (azygos) flow, one soes ^ 
fairly marked depression in cardiac contractile force, despite a marked- -increase m 
concentration of norepinephrine and epinephrine. 

In this instance, following the azygos flow period, there is a rather marked rebound 
In this particular group of experiments, we found that there is a direct relationship befvee 
the contractile force of the heart and the concentration of these tw'o substances when 
pH is sufficiently high to allow the heart to respond to this stimulation that is, m 
range of 7.3 or above. 

[Slide] Tliis is a similar experiment which shows the azygos flow preparation, aga ^ 
with marked rebound in the middle tracing (contractile force). Sometimes the catecho amm 
levels may he one hundred times the control levels. 

[Slide] The same situation occurs here—again a rebound—except that it is produc 
by an unusually low flow' rate during cardiac bypass (20 c.c./Kg./min.) rather than 
azygos flow. 

[Slide] Concerning the infusion of epinephrine, this slide demonstrates the inahi 
of the heart to respond to arterenol stimulation during acidosis, whether it be hypercapnm^ 
metabolic, produced by ischemic flow rates. The arterial pH during azygos flow 
to be high. After the venae cavae are released, there is a marked rebound 111 ca ^ 
contractile force and a fall in arterial pH witli an associated decrease in responsivcne-s 
arterenol stimulation. As the cardiac output and tissue perfusion returns to D0I ? n ‘ *j nl;S 
pH progressively rises and the response to arterenol injection returns to contro 
During this latter phase, an increased irritability of the heart has been observed. 

This slide shows the effect of rapid arterenol infusion. The infusion, of artcre^j 
in itself, may produce a metabolic acidosis, as one sees the pH values begin at '■ ’ 
drop down to 7.26, after 105 minutes of the perfusion. 



BRONCHOSCOPY AND BACTERIEMIA 


Sheldon Oscar Burnutn, Al.D* (by invitation), Pittsburgh, Pa. 

With the technical assistance of Miss Alol/ie L. Hill, Al.T. (A.S.C.P.)** 

1 x the routine diagnosis and treatment of pulmonary disease, bronchoscopy 
is an essential and commonplace adjunct. Facility in the technique of 
bronchoscopy is one of the earliest skills acquired by the thoracic surgical 
resident and its use is normally attended hv little immediate mortality or 
obvious morbidity. Nevertheless, the po st-brcmchosco jricj& iu-se of many patients 
is frequently marked by the appearance of a mild fever of 1° to 3° F. which 
occurs about 4 hou rs follo wing the_ ju;ocediire, lasting per haps 24 _hours, and 
often passing iCmotieccn Tdie etiology of this fever has heretofore been a subject 
of speculation •'ancThas been variously ascribed to one or more of these mecha¬ 
nisms: (1) retenti on of sec retions from depression of the cough reflex and in¬ 
hibition of ciliary motility due to preoperative sedation and to the anesthesia 
employed; (2) the implantatio n of n xpgen-ladcn secretions into previously 
uninfected parts of the limgTT^Tmito^uberculiyization, or the host’s response 
to the foreign protein presumably liberated from traumatized organisms; and 
(4) autoreaction of the host to blood liberated from bronchoscopic trauma to 
the endobronchial mucosa. 

In a tuberculosis hospital most bronchoscopies are performed just before 
operation, after prolonged antituberculous chemotherapy, to verify the absence 
of active endobronchial disease. Nearly all of these patients have clean, dry, 
tracheobronchial trees, with stable, nonexudative disease, and the bronchoscopy 
is usually easy, swift, and relatively atraumatic. Indeed, the incidence of an 
mtrabronchial pathologic condition is so low that the need for bronchoscopy 
ms been seriously questioned. 10 Thus, it seemed to us that the accepted and 
time-honored explanations for the post-bronchoscopy fevers were not pertinent 
to most of our patients. Because fever accompaning endoscopy by other routes, 
Particularly urethral, is known to be related to transitory bacteriemia, we under¬ 
took to determine whether the fevers associated with bronchoscopy might have 
t ieir o rigin in the dissemination of blood-borne bacteria. 

Pa. From Uie Department of Surgery, University of Pittsburgh School of Medicine, Pittsburgh. 

at MhunTVto 1 fortieth Annual Meeting of The American Association for Thoracic Surcerv 
Beach . Fla., May 11-13, 1960. - 

**^, aC ^* np * in Thoracic Surgery. 

rom the Glenn Dale (Tuberculosis) Hospital, Glenn Dale, Maryland. 
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PROCEDURE 

2 with llndci ' g oi ng ' bronchoscopy, 50 with tuberculosis and 

state of Zt f™ CarC r ma > Were stlldied a * followsTiran records of the 
tempem^ft; were kepT^c daily 

were recorded A Th V precedln §> an< I 011 die m orning of, bronch oscopy 

the ward 2 . tem P ei ' at ™*e was tak «i upon the patient’s return to 

the ^ 6 hours f or 2days. During bronc hoscopy 

and trai f 01 | i & ^? nee enc ^°hronchial inflammation, purulent secretions, 
anesthesia L e °, Was noted - 7n ab eases, 5 per cent topical cocaine 
were reneot^P USC< " Tll<3 Spilta 01 ' §' astric washings of all patients except 1 
hut on id +'n t i ■ir'’ d " e 011 eidtllre f° r tubercle bacilli before bronchoscopy 
botli nn >aC1 1Meie P lesc, it in smears of 2. One patient yielded organisms 

cases 11681 aiK cultm ' e - Tke disease was radiographically stable in all 

15 PlePa1 ! 1 ! 8 t5ie Skin witk 70 P er cc, it alcohol and tincture of iodine, 

hours'«ft J Gn °a S ? ,°° d ' VaS drawn for cuIturo -Hist before, 10 minutes after, 2 
curred t . ’ ^ 4 10 . Ur ? aftor bronchoscopy. If a fever of 1° P. or more oc- 
Dunlicato l i*' | IIU<! " Pbin the next 2 days, blood was drawn again for culture, 
ton hnttl • °°! f a . mples of 5 c - e - eae!l were inoculated into sterile, 8 oz., screw- 
p i. S C ° n amin § a tiypticase-agar slant and 50 c.c. of trypticase-soy broth, 
d'lilv f :.";;'V ,0Wn " nder aer °bic and anaerobic conditions and inspected twice 
into no-i v n , CajS ' 01 . euPui 'es of the tubercle bacillus, blood was inoculated 
and im:n v + ^ ° S ’. an 0 fdc ac ^d media (two parts blood and eight parts medium) 
was dnnp t M ? Ce - 31 * v f° r 1° days. Where growth was noted, transplantation 

hrntli a ° r . U ° S gco ate broth, methylene-blue agar, innlin agar, mannitol 
end oi V Pei ' CGnt S ° dilim chIoride brain-heart infusion brotli. If, at the 
S ’ n ° gl0 " th was noted the tiwpticase-soy broth was centrifuged. 

r ii r a Stained With Gram ’ s sta ' n - If organisms were seen on the 
smear, the sediment was subcultured. At the end of 10 days, all the blood 

• a ?/ P a f ]en f s combined samples for tubercle bacilli was pooled, digested 

so nun n c i oxide and hydrochloric acid, centrifuged, and smears were 
p pared and stained for acid-fast bacilli with earbolfuclisin stain. 

, ^ w l )a t lents studied, none was found by bronchoscopy to have puru- 

•, r ,, secie !° ns an none was febrile before or at the time of bronchoscopy- 
i d abrasion of the bronchial mucosa with a little bleeding occurred with 2 
patients. 

Although it is lecognized that noniiemolytic staphylococci can produce 
serious disease, positive blood cultures containing these organisms were excluded 
from this series because they are common contaminants. To he acceptable, all 
staphylococci were required to exhibit hemolysis and to grow in a 7.5 per,cent 
sodium chloride brain-heart infusion medium. 

RESULTS 

Twenty-four (46 per cent) patients had 1° to 3° F. of fever beginning 4 
hours after bronchoscopy. No significant fever was detected earlier than 4 
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horn's after the procedure. Six patients had fever lasting more than 6 hours 
and in 3 of these the fever persisted for '24 hours. Of the 24 patients with fever. 

5 (33.3 per cent) produced positive blood cultures. Xo positive blood cultures 
were found in samples collected before bronchoscopy and no positive cultures 
during or after bronchoscopy were obtained from nonfebrile patients. The fol¬ 
lowing bacteria were isolated from the blood: 2 patients had gamma strepto¬ 
cocci. 3 patients had Streptococcus viridans, 2 patients had hemolytic Staphylo¬ 
coccus alhus, and 1 patient had both Streptococcus viridans and Escherichia coli. 
All organisms grew under aerobic conditions with the exception of one of the 
gamma streptococci which was an anaerobe. All cultures yielded moderate to 
heavy growth. One positive blood culture was obtained during bronchoscopy, 
five were obtained 2 hours following bronchoscopy, and two were obtained 4 
hours after the procedure. Although 6 patients had fevers lasting more than 

6 hours after bronchoscopy, no positive cultures were grown from later speci¬ 
mens. Xo cultures positive for tuberculosis were found in any of the samples. 
It is conceivable that with lai'ger and more frequent sampling a higher per¬ 
centage of positive cultures might have been obtained. 


discussion 


It has been well established that bacteriemia may be induced by dental or 
urological manipulation. 3 - 5V - 13 Obeli and Elliott” observed a transient bae- 
teriemia (preponderantly the alpha streptococcus) following dental extraction 
m 72 per cent of patients with oral infections and in 32 per cent of those with¬ 
out obvious sepsis. Burket and Burn- demonstrated the dental origin of the 
bacteriemia by implanting a nonpatliogen (Scrratia marcesccns) around the 
both and then recovering it from the blood stream following intra-oral, manipula¬ 
tion. The same phenomenon has been observed by Elliott 3 after tonsillectomy. 
The incidence of bacteriemia following transurethral prostatie resection, as re¬ 
ported by Merritt. 5 and by Creevy and Feeney 3 ranges from 12 to 45 per cent, 
t ystostoniy. cystoscopy, and urethral catheterization have all been responsible 
101 educing not only transient bacteriemia but also subacute bacterial endo- 
( aiditis. r ' The causative organisms in these cases is usually the enterococcus 
p 3 ' a i'iety of streptococcus), the Friedlander's bacillus ( Klebsiella pneumoniae). 
, sc lcn chia coli. or Pseudomonas aeruginosa. Bacteriemia and endocarditis have 
. known to follow hemorrhoidectomy, and McCoy and Mason 5 have reported 
in conjunction with carcinoma of the sigmoid colon. Untemian. Milberg. and 
anis 1 have suggested an association between sigmoidoscopic examination and 
,se( iuent bacteriemia. 


ad mout ^ an< ^ pharynx notoriously abound with bacterial flora but as one 
unees in an aboral direction, the bacterial population diminishes sharply 
^ 1 the bronchi and lungs are reached, as Peeora and Tegian 12 

^ne shown, cultures are usually sterile, even in chronic lower respiratory tract 
the fl Se Expectorations and bronchial aspirates frequently represent merely 
a , e ,° ra 01 ' *ke mouth and pharynx. The most common organisms in these areas 
e io staphylococci, streptococci, X'eisseria. and coliforms, and these organisms 
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are precisely the cause of 95 per cent of all cases of bacterial endocarditis. 6 
During normal activity, such as chewing, tooth brushing, and probably defe¬ 
cating, bacteria apparently enter the blood stream, having, in fact, been cul¬ 
tured from the blood of normal individuals, 13 with little or no apparent harm. 
However, bacterial endocarditis seldom occurs in a previously normal heart' 
although it can be induced experimentally in subjects with normal hearts by 
repeated intravenous injection of nonhemolytic streptococci. 4- 7 In patients with 
acquired or congenital valvular disease, on the other hand, bactcriemia is a 
serious threat. 

The majority of patients undergoing bronchoscopy appear to suffer few 
immediate ill effects from it. But the onset of bacterial endocarditis is insidious 
and may escape clinical detection, particularly in tlie presence of other con¬ 
comitant disease. Despite the availability of curative antibiotics, bacterial endo¬ 
carditis is lethal in about 25 per cent of all cases and the threat is greatest in 
the older age groups. This present study suggests that prophylactic antibiotic 
treatment and attention to oral hygiene is indicated prior to bronchoscopy m 
all patients with rheumatic or congenital heart disease for these are most sus¬ 
ceptible to bacterial endocarditis. For patients with valvular heart disease, the 
American Heart Association now recommends the administration of 600,00 
units of aqueous penicillin and 600,000 units of procaine penicillin 30 minutes 
before dental extraction and it would appear reasonable to extend this practice 
to those patients undergoing bronchoscopy. Also, because of the increasing 
incidence of organisms not sensitive to penicillin, the additional use of a vne- 
spectrum antibiotic is suggested. 

CONCLUSION AND SUMMARY 

1. Approximately 50 per cent of a series of patients undergoing bronc i<® 
copy responded with a fever of 1° to 3° F. beginning about 4 hours aftci t ie 
procedure. 

2. Of these, 33.3 per cent were shown to have suffered a transitoiy b.ic 
teriemia. 

3. The organisms isolated were the alpha and gamma streptococci, hemolytic 
Staphylococcus albus, and Escherichia coli. 

4. The danger of bacterieinia in patients with congenital or rlicuinuti 
cardiovalvular disease is stressed. 

5. A program of oral hygiene and antibiotic prophylaxis is urged bn 1 
tients with congenital or acquired cardiovalvular disease in whom bronc icx 
is contemplated. 
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ALTERED HEMODYNAMICS IN THE PULMONARY 
CIRCULATION FOLLOWING REAERATION 
OF AN ATELECTATIC LUNG 

Edwin T. Long, M.D. (by invitation), William E. Adams, M.D,. 
John R. Ben field, M.D . (by invitation), Takemaru Mikoticbi, M.D. 

(by invitation), Arthur F. Reimann, Ai.D. (by invitation), and 
Salvatore Nigro, AI.D. (by invitation), Chicago, 111. 


A curious discrepancy has been reported by four independent observers con¬ 
cerning patients who have had long-term chronic atelectasis of one bin„ 
followed by surgical intervention and reaeration of the lung. These patients 
have had generally satisfactory degrees of return of function but broncio 
spirometry studies have regularly shown a discrepancy between ventilation 
oxygen uptake in the reaerated lung. Its contribution to total oxygen upji'* 
has been significantly lower than its contribution to total ventilation. 

This phenomenon has not been explained in the general consensus that icaeia 
atelectatic lungs regain their function after reinflation. . 

The subject of atelectasis and the question of its reversibility iave _ 1 , 
areas of continuing interest in this laboratory. 1, *’ 11 Benfield and his associa^ 
demonstrated that in dogs an average of 14 per cent of the cardiac oiitpu ^ 
shunted through chronically atelectatic left lungs. However, the s 11111 
eliminated by occluding the pulmonary artery to these lungs oi ^ 

intervention and reaeration of the lungs. Doubt was cast on the eoni P e ^ ^ 
versibility of chronic atelectasis by the observation that animals vi 
aerated left lung did not survive contralateral pneumonectomy. m an ^ 
died with a boggy, edematous condition in the remaining reaerate 
they exhibited a large dilated right ventricle with a passively conges 
Another animal with a reaerated lung following chronic atelectasis v > as ^ 
during balloon cardiac-catheter occlusion of the pulmonaiy artcij t0 ^ 
affected lung. This animal developed significant pulmonary liypeitcnsio 
ing the period of occlusion and the peripheral arterial oxygen satin at ion c 

markedly. i mvivcnt. The 

The significance of these observations was not immediately al l < ^ ^ a 

following experiments were designed to determine the physiologic 1,11 

reacrated chronic atelectatic lung. cWc;i( . 0 . 

_ ... ,—.- Surpm- flip r.'niversitv of Chicapo School of Metli 
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METHOD 

Two groups of mongrel (logs, weighing 10 to 20 kilograms each, were used. 

Group I .—12 animals. Two animals were controls. 

Ten animals were subjected to chronic atelectasis of the entire left lung produced by 
closing the left main bronchus. This was accomplished either by bronclioscopic cautery, using 
35 per cent silver nitrate solution resulting in subsequent bronchial stenosis or by surgical 
division of the bronchus and suture closure of the cut bronchus ends at thoracotomy. 1 - 1T 
The atelectasis was confirmed by physical examination, bronchoscopy, fluoroscopy, and radio¬ 
graphic means. 

After 4 to G7 weeks of atelectasis, left thoiacotomy was performed with resection of 
the closed portions of the bronchus with end-to-end anastomosis of the opened bronchial ends, 
using continuous 4-0 black silk atraumatic suture material with everting technique. Before 
starting the bronchial anastomosis the distal bronchial tree was aspirated to remove the 
accumulated mucus that always fdled but did not distend the bronchial system. After com¬ 
pleting the anastomosis, the small, airless, liver-like lung was reinflated with positive pres¬ 
sures up to 35 mm. llg. The lungs reaerated at lower pressures but did not resume more 
than 50 to 75 per cent of estimated normal size even with tiro highest pressures used. The 
reaerated lungs were pale. Postoperative chest roentgenograms were made (Fig. 1). 



A, b C. 

L--'- 1.-—A, Normal chest film. 

abnvo B ,i. C1 '^ st fl,m which shows complete atelectasis of the left lung-. The aerated lung visible 
across the mklUne 5 "' ° n the leCt is an cilaiped accessory lobe of the right lung- herniated 

atelectatm'lung* 11 " made 4 days after left th ° r a c °tomy, bronchoplasty, and reaeration of the 


Four to 120 weeks after reaeration, an evaluation of the pulmonary functions was made. 
‘ ic i an ’mal was anesthetized with a continuous intravenous drip of 0.2 per cent Surital 
a ter premedication with atropine sulfate, 0.0004 Gm„ and morphine sulfate, 0.015 to 0.075 Gm 
Aonchospirometric ventilation studies were made using a specially constructed tracheal 
111 cr and two Benedict-Roth recording spirometers with balloon-boxes filled with either 
•ui- or 20 per cent oxygen. To ensure proper position of the tracheal divider, insertion was 
under fluoroscopic control using a “earina finder’’ as a guide (Fig. 2). After inflating 
1 T mlloon on the tracheal divider to 35 mm. Hg, a test was made by livperinflating each 
1( JL Sep f ateI -' unf1er fluoroscopic control. This served the dual purposes of indicating any 
- and of showing the degree to which the lungs could be expanded (Fig. 3) 

Arterial blood samples were collected from a femoral artery. Mixed venous Wood 

tent wL"Tt ° bt fr d f r0 “ tUe PUlln ° ,mr ’ V arter - V Via cardiac «tfh'eter. Blood-oxygen con- 
as obtained by the method of Van Slvke and Xeil] Cardine mitrmf . _ * , , , 

the direct Fick method. ' ° Utp,lt calculated 
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Group II .—24 animals. Foui' animals were controls. 

Twenty animals were subjected to chronic atelectasis of the entire left lung for 3 to 
67 tteeks. This was followed by surgical reaeration of the atelectatic lungs. The methods 
used were the same as described for Group 3. 

Three to 137 weeks after reaeration, the pulmonary artery pressure was studied under 
intravenous 0.2 per cent Surital anesthesia using a cardiac catheter, Statham P23Dh strain 
gauge, and Grass recorder. After obtaining a satisfactory base line pulmonary artery pro* 
sure, the right pulmonary artery was temporarily occluded either by balloon cardiac-catheter 
obstruction (closed chest) or by cross-damping the artery at thoracotomy (open chest). Com¬ 
pleteness of the balloon cardiac-catheter obstruction of the right pulmonary artery vas 
determined by cessation of oxygen uptake on that side of a bronchospiiometric tracheal 
divider. 

Tilth the right pulmonary artery blocked, the entire cardiac output uas direr ted 
through the left reaerated lung, hemodynamicallv duplicating acute right pneumonectomy. 




'lib 

2.—A, “Canna finder” anil tv o tracheal dir liters, one v. ithout balloon to ;VJ - rv 

n. Close-up view of the same instruments The "Carina finder” i-= "’.“njLsninll copper 
-md solder The tracheal dividers are made of two large copper tubes an" ■ ,„„)«> tU< 

tube soldered together. The tno large tubes hate been compressed m a vi.et arh r- 

cross-section of each an oval. Thus, the cross-section of the assembled dhwu 

a circle. fllm w hich shows the “canna findei” .istiide the can"; 1 iirdn 

Disced) and the tracheal divider in the wrong position completely " !^''” in cidcnt with th- 
b*".r, < l,2,_ an , v u„n placement is correct, the crotch of the tracheal divider is coin 
crotch of- the ' r carma flndcr” fluoroscbpicallj (see F,g 3-A, B, C). 
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PULMONARY ARTERY PRESSURE WITH 
SEPARATE HYPERINFLATION OF RIGHT NORMAL 
LUNG AND LEFT REAERATED LUNG 


"— -A w Noti al control animal t-i tfa tracheal 4i\j<3«&r m plac^. 

San^ animal v ith nsht lurur hvp*-rmilat* 1 
C, animal v ith I*ft luna hyp^rinSat^d. 

T^ch?al^f,^;'77r la i ‘l ; fc n . !rn<iI ' “ h of chrome auk-eta,, 

Pam- arm,--! vith richt lunr hi p—inflate! Compaq nuh B abow> 

F, Sarro animal v ith left lu-e hyp. nnflatel Compare ivith C abo\e 

Same animal « pulir.onan p^e-^u”*- _ *_ , 

lun ~ as *ho-n m F abo-.e ^pon«=e aunnsr hyperinflation of th* in 

^ arK - animal - puln onan a^n p*v-«ur~ ’Vvivmcp .?«*«««. t_ « , 

****“• a«; «*ho »ti m F a ben <- * urine: hyi>^rinflation of the rierfc 
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Table J. BRONCHoswficwjErRV and Cardiac Ootr't Sri 


: 

i 

It 

2 

3 

4 

0 1 

6 

7 1 

a 1 

A 

! 

DOG NO. | 

WEEKS OF 
ATELECTASIS 

WEEKS OF 
REAERATION 

i 

CL 1 

MIXTURE 1 

ART. 0 2 
'(VOL. %j 

i 

ART. O, | 
1 SAT. (%) j 

i 

VEX. O, 
(VOL. 7c) 

i 

i 

YF..V.0. | 
SAT. (ft) 

A* 

L18 

0 

0 

26% 

20.90 

84 

16.13 

w 


B 

LIT 

0 

0 

Air 

18.06 

90 

14.03 

70 


C 

Average of 2 control animals 







It 

P28 

4 

40 

Air 

19.84 

89 

15.64 

70 


2 

P3N 

4 

4 

26% 

18.33 

90 

15.87 

7S 


3 

P923 

7 

50 

26% 

19.85 

92 

14.70 

67 


4 

P1B 4 

18 

48 

26% 

24.38 

96 

19.39 

76 


5 

P658 

20 

21 

26% 

19.25 

91 

15.43 

74 


0 

PI 89 

20 

120 

26% 

19.79 

94 

15.50 

74 


7 

P2T1 

25 

40 

Ail- 

21.30 

81 

17.16 

63 


8 

P831 

42 

36 

Air 

16.10 

70 

12.61 

55 


9 

P425 

52 

20 

26% 

20.02 

98 

16.17 

7!) 


10 

P62 

67 

4 

26% 

21.44 

97 

16.85 

76 


11 

Average of 10 experimental animals 




__- 
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♦Lines A and B contain data from control animals. 

fLines 1 through 10 contain data from the experimental animals. 


Histopathologic Study .—Biopsies of the lungs of 5 of the above animals were obtained. 
The left. Jungs wore biopsied in the atelectatic and rcaerated states. The right lungs note 
biopsied only after reaeration of the left lungs. The biopsies were processed routined) bv 
the Department of Pathology, The University of Chicago, and reviewed by Dr. Eleanor 
Humphreys, Professor Emeritus of Pathology. 


RESULTS 

There were advantages to both methods of atelectasis production. In the 
bronchus cautery method, atelectasis was produced without the injury of ■' 
thoracotomy and at the reiteration operation no adhesions we’re found. H°" 
ever, it was variable in its convenience and predictability if cautery was limit« 
to a short, easily resectable length of bronchus. The method of surgical division 
of the bronchus was quick and easy but involved pleural trespass with a vaiia h 
degree of adhesions found at the reaeration operation. There was no noticeable 
difference between the two methods in ease or degree of reaeration of the 
atelectatic lungs. 

Group I .—Fluoroscopic observation of hyperinflation of the reaerated led 
lungs regularly demonstrated a markedly reduced compliance. All the rcaeia 
lungs were considerably limited in their ability to expand. The loss of coni^ 
pliance was seemingly more significant in the upper portions of the lungs, 
lower lobes expanded fairly' well (Fig. 3). 

The response of pulmonary artery pressure to the hyperinflation maneuvci 
was quite revealing. When the right lung was hyperinflatod, the puhuoiuiL^ 
artery pressure elevation was proportional to the inflating pressure. 1 * 1 B'd v> ' 
the reacrated left lung was hyperinflated, the pulmonary artery pressutc "« 
affected only slightly (Fig. 3). 

The bronchospirometric pulmonary function data and the Pick cardiac ou 
put data are presented in Table I. 
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The use of 26 per cent oxygen in the spirometer-balloon box system seemed 
to help in keeping arterial oxygen saturation above 90 per cent during the 
bronchospirometry study. Of the 4 animals with arterial oxygen saturation 
over 93 per cent, 3 had no oxygen uptake in the left lung and the fourth had 
an ox yg'en uptake of 17 per cent of the total (Table I, columns 6 and 32, lines 
-h 6, 9, 10). 

The contribution to both ventilation and oxygen uptake of the left lung of 
die control animals was approximately 40 per cent of total. The contribution 
to ventilation of the reinflated left lung of the 10 experimental animals averaged 
'-1-6 per cent of total and to oxygen uptake was only 13.9 per cent of total. 
There was an absolute increase in right lung oxygen uptake and an absolute 
decrease in left lung oxygen uptake compared to controls (Table I. columns 13 
an d 18, lines C and 11; Table I, columns 10 and 12). 


Group II.— The pulmonary artery pressure data are presented in Tables 
11 and III and Fig. 4. 

Table II: The base line mean pressures of the control animals averaged 
mm - big and the mean pressures with right pulmonary artery occlusion 
averaged 20.0 111 m. Hg. The base line pulmonary artery mean pressures of the 
- experimental animals averaged 16.2 mm. Hg and, with right pulmonary ar- 
ei 7 occlusion, they averaged 36.0 mm. Ilg. This occlusion value is over 200 
300 CCnt ° £ baS . e lin ° mean P vessures tov the experimental animals and almost 
’ , pev ceivt °f the base line mean pressures for the control animals. The ex- 
Peiimental animals did not tolerate the occlusion of the right pulmonary artery 
" 6 lout distress. The distress was relieved by removing the occlusion. 

Table III: There was apparently little difference in the qualitative results 
lw 1 'n th ° te,,lp01 ' !U ' y oeelusion ol ‘ tho vigbt pulmonary artery was produced 
time 0011 eardiae ' eatheter oeelusion < c5osed ^lest) or by cross-clamping at 
acotomy (open chest). Base line pulmonary artery pressures were higher 
tlie open chest experiments. 0 
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Table II. Pulmonary Artery Pressure Studies of Animals AVith Eeaeeated Left Lusos 

After Chronic Atelectasis 
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Table III. Pulmonary Artery Pressure Sti hies oe Animals With Reaerated Left 
Lfngs After Chronic Atelectasis* 



OBSTRUCTION OK PULMONARY 
ARTERY BY BALLOON CARDIAC 
CATHETER (CLOSED CHEST) 

OBSTRUCTION OF PULMONARY 
ARTERY BY CROSS-CLAMPING AT 
THORACOTOMY (OPEN CHEST) 


BASE LINE 

PAP 

OCCLUSION 
OF LEFT 

1*A 

OCCLUSION 

OF RIGHT 

PA 

BASE LINE 

PAP 

OCCLUSION 

OF LEFT 

PA 

OCCLUSION 

OF RIGHT 

PA 

A 

18/0 10 

25/4 11 

33/9 17 

23/10 

15 

— 

22/8 

13 

C 

If 

22/15 17 

2S/22 24 

32/27 29 

21/4 

10 

— 

33/15 

21 

1 ) 

Average of 










controls 

13.5 

3 7.5 

23.0 

12 . 

5 


17.0 



1 

25/5 12 

_ 

28/18 26 

25/17 

19 

_ 

50/26 

34 

3 

O 

25/7 12 

27/10 13 

40/12 22 

24/10 

15 

— 

55/27 

35 

4 

5 

25/10 15 

35/10 IS 

45/20 28 

32/12 

17 

— 

45/17 

27 

12 

c 

2S/7 15 

33/10 IS 

35/15 24 

27/17 

20 

— 

50/25 

33 

13 

7 

25/7 12 

— 

45/10 28 

46/22 

27 

— 

100/50 

72 

14 

S 

35/S 20 

40/11 21 

67/28 42 

33/12 

20 

— 

S2/40 

5S 

15 

9 

22/5 12 

33/S IS 

75/25 40 

45/20 

30 

— 

75/32 

48 

16 

10 

25/5 13 

35/10 IS 

50/15 27 

23/10 

15 

— 

60/15 

33 

19 

11 

22/10 H 

27/12 16 

40/17 25 







17 

23/2 9 

— 

83/18 49 







IS 

22/7 12 

24/12 16 

50/25 38 







20 

35/9 16 

_ 

75/10 31 







Average of ex- 










l'mnvcntal 










animals 

13 5 

17.2 

31.6 

| 20.3 

— 

42.5 




frnm ■ < 'w a ,f rom Table HI are rearranged according to the method 
methods n ‘ ' ' un B <°I>en chest vs. closed chest). Separate averages a 


of diversion of blood 
are shown for the two 


Fig. 4: The pulmonary artery pressures during right pulmonary artery 
occlusion tended to be higher in the animals with longer duration of atelectasis 
but there was considerable variation. 

Histopathologic Study. —In general, the changes in the atelectatic lung were 
difficult to interpret because the alveolar spaces could not be distinguished. 
There was noticeable paucity of small blood vessels and blood-filled capillaries. 

aige macrophages were liberally scattered through the lung structures, both 
'ntia- and extrabronehially. The small bronchioles were eollapsed and free of 
accumulated mucus. Only the larger bronchioles contained mucus. Hemo- 
Mderin deposits were scattered through the atelectatic tissue. Pleural thicken- 
mg. while present, was minimal. 

Representative photomicrographs of sections of normal and reaerated lungs 
ai'e presented in Fig. 6. 

The sections of rcacrated lung after chronic atelectasis were revealing. The 
P dual surfaces were normal or minimally thickened. The subplcural zone of 
Pu ntonarv parenchyma often seemed distinctly hvpoinfiated when compared to 
le icinainder of the parenchyma. In this subpleural zone, the alveolar spaces 
'do scarcely aerated whereas, in the remainder of the lung, there was over- 
^ ictching of the terminal respiratory units and some disruption of alveolar 
n s - A number of prominent spurs or club-like processes were scattered 
nough the lung. They were located particularly at the junction of broncliiolar 

‘ ellPS ' vUl1 perialveolar capillaries. The exact nature of these club-like 
Presses is not known. 
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The sections of normal right lungs showed some enlargement of alveolar 
spaces and some disruption of alveolar septa. 

mscussiox 

These experimental data tend to confirm and reproduce the bronchospiro- 
metric observations in human beings of a ventilation-oxygen uptake discrepancy 
in reaerated chronically atelectatic lungs. 



Fig, a.—U, I’.SX. The right, unaffected lung shows some enlargement and minimal disrupt* 0 

of air spaces. (X5G; reduced >/>) 


Several investigators have measured the Wood flow through an atelectatic 
left lung in the dog. They have reported a range from 0 to 40 per cent o 
cardiac output, with an average approximately 15 per cent."' 3 ' *’ c " I0 ' 13 ' 11 
comparison with the present experimental observations of an average of 
per cent of total oxygen uptake in the reaerated left lungs suggests that, while 
reaeration eliminates the shunt previously present, 3 it does not greatly improve 
the circulation through the lung. 

This conclusion is supported by the pulmonary artery pressure data during 
temporary occlusion of the right pulmonary artery. It is clear that with P ies 
sures of more than 100 per cent over base line, these animals developed a e0U 
siderable pulmonary hypertension. A similar right pulmonary artery occhi s!0,) 
in a normal animal results in less than 50 per cent elevation of base line P iev 
sure. The reaerated lungs were apparently unable to accommodate an acute 



altered he~m.cs lx pulmonary circulation 040 
l::l increase in Wood flow i.ecause rf increased P~ vaseniar 

“ there have hern ,'e.v re„o«ed " 

reneration oi a chronically atelectatic lmig. ^ some increase in vital 

of routine pulmonary tunction tc* s • u been sma ll. presumably due 

capacity after recovery. This mcicasc intraplcural volume from one lung 

to redistribution of approximate . - Wlnlc it was not possible to meas- 

preoperatively to two liuigs postopeiaate . , reaera ted lungs, it 

ure vital capacity in the present expeiun « a ^distribution of pleural 

ic clear from chest roentgenograms (see F 

'V 

2 j? JmWj&S? 



nr&fi 

-■ 'f 

jt ^ jj nmM 

r ^ Urn 

err?': ' 




_ - B P10N* Ele\en weelcs of ^' t he''u^Sa5°surfa^el^Xote^the 

left. ™t^lu n t,V'sho^ S .ngjtaal^g^.SS eolar septa.^ frequent 

— S "‘ th Pe " a, ' e0,ar 

TC'luC.-d It ) 

• i r wtntir left lungs were reaerated. In addition, 
■space took place when the auletta ^ demonstrated that marked 

the separate Ziv compared to the normal controls up to 

mutation existed in vet n0 known reason for this reduction 

2 years after reaeration. Theie^ ^ of atelectatic and reaerated 

L!Ttr^ Action, have not shoivn pulmonary fibrosis or other 
change likelv to result in decrease of pulmonary function. The diminished com¬ 
pliance must have been present at the reaeration operation to account tor the 

1 ‘ ' ‘ . , t . e V eaerated lungs. One observer reported that 

smaller than normal size ot tlie teaeiaieu 
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the reaerated lungs resumed normal size several weeks or months after re¬ 
aeration. 0 The present study could not confirm this observation. 

An increase in pulmonary arterial resistance with decrease in flow in one 
lung was produced experimentally bj 7 Rosenberg 15 by wrapping one lung in 
a constricting' bag (i.e., a marked reduction of compliance). That the mechanism 
of the increased resistance and decreased flow is the same in the present experi¬ 
ment is not certain but highly suggestive. In addition, it corresponds with 
Benfield’s observation that contralateral pneumonectomy was not tolerated 
It is known that pneumonectomy in the normal dog is followed by little pul 
monary artery pressure elevation if the remaining lung is free to make com¬ 
pensatory adjustments. The present data suggest that contralateral pneu¬ 
monectomy forced cardiac output through a smaller than normal, compensation 
limited, reaerated lung. 8 The resulting pulmonary hypertension was followed 
by right ventricle dilatation and hepatic congestion, and the pulmonary alien 
pressure probably exceeded the osmotic pressure of plasma protein which ie- 
sults in pulmonary edema, air hunger, and death. Carlson 5 suggested that 
edema could be caused by altered permeability of the alveolar-capillary mem¬ 
brane due to hypoxia during atelectasis but it is doubtful that such altered 
permeability would last significantly beyond the time of reaeration. 

The present histopathologic findings in reaerated lungs of subpleural lnp°‘ 
inflation and bronchiolar arterial spur or club formation may be wholly oi 
partially the cause of both the increased vascular resistance and diminish?' 
compliance. The significance of these changes is not yet fully understood- 

The conservation of lung tissue stands as a worthy goal in patients afilictw 
with chronic atelectasis of one lung. It is known that surgical rcacration o 
these lungs will yield a number of physiologic benefits. The present stuclj su -^ 
gests that reaeration is useful but it may fall considerably short of rrstornv 
that lung to complete normality. This statement is not an implied disagieemen 
with the policy of surgical reaeration of atelectatic lungs but rather a suggestion 
that patients who have undergone reaeration operations be studied fluoioscop 
cally, bronchospirometrically, and hemodynamically, as in the present s 11 » 
whenever possible. The results of these and other follow-up studies will m l’ 
to define the full clinical significance of the altered hemodynamics in llm P" 
monarv circulation following reaeration of an atelectatic lung. 


CONCLUSIONS 

1. Reaeration of a chronically atelectatic lung in the dog restores its iu>m 

tion partially. However, specific physiologic defects remain. They m< 1 ( 
variable but persistent loss of compliance, a marked increase in puhnonai.i 
cular resistance, a diminished pulmonary artery blood flow, and a conconnt.m 
decrease in oxygen uptake. j 

2. Histopathologic changes have been noted in reaerated atelectatic ,in 
hums. A zone of subpleural hypoinflation was noted. Bronchiolar 
exhibited formation of spurs or club-like processes. The significance o 
changes is not yet clear. 
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3. In human beings with a reaerated chronically atelectatic lung, a similar 
partial restoration of function with decrease in oxygen uptake has been re¬ 
ported by others. 

4. From the published reports of some patients it appears that the passage 
of time has favorably influenced the function of reaerated atelectatic lungs. 
Such a favorable influence of time could not be confirmed in the present ex¬ 
perimental study. 

o. It is suggested that a complete functional evaluation of a patient with 
a reaerated lung after chronic atelectasis might properly include broncho- 
spirometry and an investigation of vascular resistance and pulmonary com¬ 
pliance. 

SUMMARY 

The pulmonary functions and cardiac output of 10 dogs were studied during 
bronchospirometry after reaeration of a chronically atelectatic left lung. 

The pulmonary arterial pressure response of 20 dogs was studied during 
temporary occlusion of the right pulmonary artery after reaeration of a chroni¬ 
cally atelectatic left lung. 

Normal, atelectatic, and reaerated lungs were compared histopatbologically. 
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SELECTIVE CHEMOTHERAPY OF THE LUNG DURING 
UNILATERAL PULMONARY ARTERIAL OCCLUSION 
WITH A BALLOON-TIPPED CATHETER 

Nicholas P. Smyth, Al.D. (by invitation). and 
Brian Blades. Al.D.. Washington. D. C. 

T he use of pulmonary intra-arterial carcinolytic agents, administered either 
by trapping in the lung or by selective perfusion of the lung, has been 
previously reported. 1 - 2 Clinical application of these techniques is hampered if 
a carcinoma involves the hilum of the lung, preventing access to the pulmonary 
artery. 

Perhaps tire greatest problem in selective chemotherapy of the lung is that, 
'Utile the pulmonary arterial system is suitable for isolation-perfusion tech¬ 
niques. the great majority of pulmonary diseases, including primary broncho- 
genic carcinoma, apparently derive their blood supply from the bronchial ar¬ 
terial system. 3 - 12 Metastatic tumors are probably supplied by the pulmonary 
arterial system.*- 12 

In the normal lung, there are both capillary and dormant precapillary 
communications between the two arterial systems. 11 - 13 " 1C In the presence of 
primary bronchogenic carcinoma, bronchiectasis, tuberculosis, and many other 
diseases, extensive functioning precapillary communications develop between 
the two arterial systems. 3 -"- 10 - , - ! It is natural to suppose that these are left- 
to-right shunts. 

In support of this are the findings of increased oxygen saturation of the 
pulmonary arterial blood in the vicinity of primary carcinoma and other dis- 
eases-’ •• s - ®- t ] ie f a j] lire G f pulmonary angiograms to fill the pulmonary ar¬ 
teries in the vicinity of disease’ - - IK ; and the finding of left ventricular hyper¬ 
trophy in such eases. 1T - 1B - 22 

Against this are the findings of Brofman 23 and Nemir, 24 and their asso¬ 
ciates. who used a balloon-tipped cardiac catheter to occlude the right or left 
Pulmonary artery in the study of lung function. They found that the pressure 
? a ^ 10 Pulmonary artery, distal to the occlusion, fell to pulmonary capillary 
e ' e s even in the presence of extensive bronchiectasis, a disease associated with 
increase in bronchial-pulmonary arterial anastomoses. The higher 

^ epartnl6nt ° r Surgery, The George Washington University School of Medicine, 
Uealth. U L\ 0 s te publi? a Health a Ser' < ice Ch 8rrant <CT - 3777 > (c ' 2) rrom the National Institutes of 
at Mi?S U Belch. e ina rt >IaV'n-l 3 l1 mo 1 '” 5 ° f The American Associat ion for Thoracic Surgery 
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pressures expected from bronchial arterial precapillary inflow were not encoun¬ 
tered. Furthermore, the oxygen saturation of this “lacunar” blood was higher 
than that of the systemic blood and the pulmonary capillary blood, indicating 
that it was derived not from bronchial arterial inflow but, rather, from left 
atrial reflux; that is, blood that had passed through the pulmonary capillan 
bed twice. 

These discrepancies arc not easily reconciled, but it appears that during 
unilateral pulmonary arterial occlusion, perhaps as a result of some neurosenie 
mechanism, significant left-to-right precapillary bronchial-pulmonary arterial 
shunts do not occur. 23 

It seemed to us that under these conditions, it might he possible to reach 
both primary and metastatic tumors with a chemotherapeutic agent injected into 
the pulmonary artery distal to its occlusion by a balloon-tipped cardiac 
catheter. This technique would have the further advantages of allowing access 
to a pulmonary artery involved by tumor and selective, and possibly repeated, 
chemotherapy of the lung without thoracotomy. 

The circulation and diffusion of indicator substances and the tolerance ot 
the lung for various doses of nitrogen mustard were studied in the dog dm ins 
unilateral pulmonary arterial occlusion, prior to a clinical trial of the metlioc. 
Based on the observation of Creech and associates 2 ’ that fixation or inaetn ation 
of nitrogen mustard occurs within 8 minutes in whole blood, an occlusion tune 
of lo minutes was arbitrarily chosen. 


Gioup 2: 
Gump 3: 

Gioup 4: 


METHODS 

1. Cnculation .—The enculation m the lung was studied m mougiel dogs, weighing 
to 23 kilogia ms, that wen? dmded mto foui gioups. 

Gioup 1: A contiol gioup in winch the pulmonai v aiten was not occluded. 
Animals m which the right pulmonary aiteiy was occluded. 

Animals m which the light pulmonary arteiy and the light bronchia 
arteiy wcie occluded. 

Animals m which the right pulmonaiy arteiy, the light bionchial ar 
tery, and the right main stem bionchus were occluded. ^ 

The nnunnls weie anesthetized with intravenous Pentothal sodium. O-xvgcn wa 
ministered b\ intermittent positive jnessuie ot 1-1 mi. of wutei thiough a cuffed enioti.u 
tube. Eitliei a Xo. SVj Fi. double lumen balloon-tipped caidiac catheter* 01 a ^ ^ 

single lumen eaidine eathetei was lnseited thiough the light external juguhu vein .m< 1 
sitioned m the light pulmonarv aiteiy at light thoiaeotomy. The pulmonaiy 111,1 
oeeluded either by inflating the balloon oi I»y the use of a snaie (Fig. 1). I" Group' •, 

4 , the bronchial aiterial inflow was occluded by skeletonizing the hilum and i lvn mfc 
small vessels on the isolated bionchus. In Group 4, the bionchus was occluded bv 

ei ushing clamp. u. were 

T 1S24 (Evan’s blue d_ve) and a saline suspension of Ci 51 tagged red Woof ce 
used as indicators. To minimize eriois in eithci method. Doth indicators were | ll0 , r 

taneouslv in each experiment. Indicator dilution curves were obtained in 3 animals vveig 
20 to 23 kilogianis in each group. Two milliliters of each indicator were slovvh inj^^ 
thiough the eathetei ovei a 2 minute period to pci nut adequate diffusion in the ung. 
samples were obtained through a Couniand needle in the femoial artery. 

_ „ v The stamlar'l 

*notter-L.ukas Xo 1. V S Catheter X Instrument Coin, Glens FalK X 
balloon was icplaced bv a smaller one for animal experiments 
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In the control group, '•unple** uere taken at 1, 5. 10, and 20 minutts alter completion 
of the injection In Groups 2, 3, and 4, the injection was started 2 minute- after pulmonary 
arterial occlusion, a time arbitrarily chosen to permit stabilization of the circulation. Blood 
sample- acre taken at interval® of 1 minute, .1 minute-, 3 minute®, and 10 minutes after com 
pletion of the injection The occlu-ion "a® then relea-cd, and fuither sample- taken 1 minute 
and 10 minute- later Complete mixing wa- a®~umed to have taken place at this time and 
the readings for the ia-t sample were taken to lepre-ent 100 per cent of the mdieatoi in 
the si-tennc urculatiou m each e\pei iment 

The lalue- for T 1S24 neie obtained by a modification of the method of Hamilton 
and a—ouato-,to using the Beckman DU speetiophotomotei The value® for Cr' 1 tagged 
rod hlood cell® is ere obtained by a modification of the method of Spencer and associate® 2 * 
To correct for varmng radioactivity m different prepniation- of Ci 1 tagged red blood cells, 
all reading- ueie corrected to a uniform standstill of 2 73 million count- pci millilitei per 
5 minutes 



Fig 


JL,. Method® used to occlude the pulmonarc arterc 4 Balloon-tipped double lumen cardiac 
cameter /.’ Single lumen cardiac catheter u 1111 a ®naie around the pulmonarc artery 


'-nice the bebavioi of inert indicator® could onh approximate that of a highly re active 
agent like nitrogen mu-tard, their exact concentration m the blood a a- not important Me 
"ere only intere-ted in a hat percentage of the total amount, if ant, appeared in the ®y®temie 
circulation during pulmonarc aiteiaal occlu-ion \ -impip lnitxii projection tva® therefore 
11 'd in plotting the dilution curie- rathei tlian the conventional ®emi logantlimetieal pro 
jethon, and the data uere plotted a® unit- of optical den®m and count- per milliliter per 
1 ra mute-, against time m mmute- 

~ fusion —The distribution of an indicator ua® al®o -tudied in 3 animal-, iveighiiig 
d to 20 kilogram®, m each group Five milliliter® of methylene blue d\e uere injected 
>rong i the catheter, and the time of appearance, the distribution, and the duration of the 
Ohio ®t,im studied. 


I Dose of \it)oqrn Mustaid —The tolerance of the lung tor mtiogen nm-tard uas 
d'* m ^ animal-, weighing 13 to 20 kilogram® Under intravenous Pentotlial ®odium 
e-ia, a Xo SVj Fr balloon tipped double lumen cardiac catheter ua® inserted into tlie 
( rna J u gnlar lem and positioned m the right or left pulmonary artery, under fluoroscopic 
0n ro 111 9 animal® and, at right tlioracotomv, in o annual- The balloon na® inflated nitli 


JO 


P er cent Hvpaque* until the pulmonary arterial pre—ure di-tal to the balloon fell 


J'ulmn ‘ * ' —“ r" ~ l “’ ®''““ m mr ij-tiiuon leu to 

lit nRr ? ea pdlary Ice el® \ solution of nitrogen mu-tard m saline (10 nig per nnlli 
, " ae ^ en injected into the blood stream di®tal to the balloon, in do-os of 0 1 0 2, 0 3. 


or 0 4 


®g per kilogram, during a period of 15 minute- of o< i lu-ion 


" inthrop Laboratories Xeu York X Y 
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On each animal, white blood cell, hematocrit, and platelet counts were obtained before 
the perfusion and at weekly intervals thereafter. Chest roentgenograms were obtained before 
and 24 hours after the perfusion, and at weekly intervals thereafter. 

In a control group of 5 animals, a dose of nitrogen mustard of 0.4 mg. per kilogram 
was given intravenously. White blood cell, hematocrit, and platelet counts were obtained 
on each animal before the injection of nitrogen mustard, arid at weekly intervals thereafter. 

All the animals were observed for a period of 4 weeks. 
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Indicator Dilution Curve (Cr^l Tagged Red Bfood Celle) With 
Catheter Tip In Right Pulmonary Artery 
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-Indicator dilution curves in the control group. A, T-182L B, Cr* 1 tagged 

cells. 


red blood 


RESULTS 

1. Circulation of Indicator.—In the control group, both indicators 
immediately in the peripheral circulation in concentrations that dee > 
an initial high level to a lower plateau, 10 to 20 minutes after injection 
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In each group of the test series, the indicator dilution curves showed a 
delay in passage ol' the indicators through the lung, with a progressive leak into 
the systemic circulation. On releasing the pulmonary arterial occlusion, the 
indicator trapped in the lung was washed out into the systemic circulation, 
producing a sharp rise in concentration of the indicator, which then fell slightly 
to control levels as mixing occurred during the next 10 minutes. 




The linfar nTot ^ni 1 ?, lUltl °" curves in Group 2. ,1 T-1S24. B. CP 1 tagged red Wood cells, 

total arnoimt L 1 , ?■ the Pulmonary-systemic leak to be expressed as a percentage of the 
arterial oechjsion lutlon - represented by tlie value 10 minutes after release of pulmonary 


tlie In ttl ° Up takil1 " the average of values obtained with both indicators. 

amount of the indicator reaching the systemic circulation at 1. 3, 5 and 10 
minutes after injection was 26 per cent, 49 per cent, 58 per cent, and 71 per cent, 
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On each animal, white blood cell, hematocrit, and platelet counts were obtained before 
the perfusion and at weekly intervals thereafter. Chest roentgenograms were obtained before 
and 24 hours after the perfusion, and at weekly intervals thereafter. 

In a control group of 5 animals, a dose of nitrogen mustard of 0.4 mg. per kilogram 
was given intravenously. White blood cell, hematocrit, and platelet counts were obtained 
on each animal before the injection of nitrogen mustard, and at weekly intervals thereafter. 

All the animals were observed for a period of 4 weeks. 



CountsAnl/5] 


Indicator Dilution Curve (Cr^l Tagged Red Blood Cells) With 
Catheter Tip In Right Pulmonary Artery 
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RESULTS 

1. Circulation of Indicator.—In the control group, both indicators 


immediately in the peripheral circulation in concentrations that 
an initial high level to a lower plateau, 10 to 20 minutes atter mjecti 
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In each group of the test series, the indicator dilution curves showed a 
delay in passage of the indicators through the lung, with a progressive leak into 
the systemic circulation. On releasing the pulmonary arterial occlusion, the 
indicator trapped in the lung was washed out into the systemic circulation, 
producing a sharp rise in concentration of the indicator, which then fell slightly 
to control levels as mixing occurred during the next 10 minutes. 




action cum es in Group 2 A. T-1S24 B, Cr“ tagged red blood cells 
total amount 0t a , s the pulmonart -s> stemic leak to be expressed as a percentage of the 
arterial occlu s ° Iut,on - represented by the \alue 10 minutes after release of pulmonan 


the 11 101111 t nkiitgr the average of values obtained with both indicators, 

. am °wnt of the indicator reaching the systemic circulation at 1. 3. 5, and 10 
' niltes after injection was 26 per cent, 19 per cent, 58 per cent, and 71 per cent. 
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respectively (Fig. 3). In the remaining groups, the pulmonary-systemic leak 
was slightly smaller: the corresponding values being 26, 38, 44, and 65 per cent 
in Group 3, and 23, 34, 50, and 64 per cent in Group 4. 

2. Diffusion of Indicator .—In the control group, the methylene blue stain 
appeared in the visceral pleura of all lobes of the lung within seconds of starting 
the injection. A uniform blue stain of maximum density was present at the 
end of the injection period, or within 2 minutes of completion of the injection. 
It began to fade at once and, 15 minutes after the injection, only a trace of the 
blue stain remained. 



Fig. 4.—Schematic drawing which contrasts the even staining- and rapid faK 0 j the 
dye in the control group, with the .slower, less uniform, but more persistant sw b 
dye in the test series. 


In the test series, the picture was quite different. In each group, tl lC j 11 
stain first appeared within 2 minutes of the end of the injection in all 
in patchy areas that stained more deeply than in the control group. 
uniform stain of lesser density then appeared, to reach a maximum / oi ^ 
utes after injection. There was no fading of the stain during the rcmaincci 
the 15-minute period of pulmonary arterial occlusion. There was no a PP al 
difference in the distribution pattern of the dye between Groups 2, 3, auc 
The blue stain was never as uniform, either in density, or distribution, 


Group 1, the control series (Fig. 4). 

3. Effect of Nitrogen Mustard .—In the control series, all the animals 
vived the 4-week observation period. All developed transient anorexia, diaii ic<- 
weight loss, and moderate leukopenia. 

In the test series, none of the animals developed leukopenia. All t1 
mals survived a dose of nitrogen mustard of 0.1 mg. or 0.2 mg. P er ^ 0 ^ ip ’ 
Onlv 1 animal survived a dose of 0.3 mg. per kilogram, and l a dose o • ^ 

per kilogram. Both of these developed transient anorexia, diarrhea, anc 

loss. 
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All the animals developed roentgenograpliic evidence of pneumonitis or 
atelectasis within 24 horn’s of lung perfusion (Fig- 5). Roentgenographically 
there was no correlation between its extent, severity, or duration and the dose 
of nitrogen mustard. The pneumonitis cleared in 1 to 4 weeks in all but 2 
animals. 

CLINICAL EXPERIENCE 

Right heart catheterization was performed four times on 3 patients. A 
Xo. Si/o Fr. Dotter-Lukas balloon-tippecl double lumen cardiac catheter was 
introduced into a peripheral vein and positioned in the right or left pulmonary 
artery under fluoroscopic control. In 1 patient, a second catheter was inserted 
to record pressures proximal to the balloon. A Cournand needle was placed 
iu the brachial artery. 



A. B c. 

.. .Tie. 5.—P.oentgenostair.s of dog's chest. A. Before perfusion. B, During perfusion witll 
“i- ,,a lloon catheter in position in the right pulmonary artery. C, Twenty-four hours later; 
-•.owing severe penumonitis ami atelectasis of the right upper lobe. 


The balloon was inflated with .70 per cent Hypaque tmtil the pulmonary 
.ntery pressure fell to pulmonary capillary levels (Fisrs. 6 and 7). Indicator 
dilution curves were then obtained bv the method described, using 2 ml. of 
T-1824. 

The balloon was then reuiflated and the calculated dose of nitrogen mustard 
administered. Ocelusion of the pulmonary artery was maintained for 1.7 
minutes. 


CASE REPORTS 

Case 1. A close of 0.1 mg. per kilogram of nitrogen mustard ( 7.5 mg. in 7.5 ml. of 
- un ) v, - administered !>y this technique to a 54-year-old man w itll an inoperable epi- 
ri -.oid carcinoma of the right lower lobe, metastatic to the thyroid gland. A moderately 
* im ‘umoiiitis developed within 24 hours. The patient remained asymptomatic and 
-■•file. Roentgenograms of the chest were made frequently until the patient’s death 2 
nd.s later. There was no evidence of reduction m the size of the tumor. The pneumonitis 
' ' lj not completely clear (Fig. S;. 
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Case 2. A dose of 0.05 nig. per kilogram of nitrogen mustard (3.4 mg. in 6.8 ml. 
of saline) was administered to a 22-year-okl man with bilateral pulmonary metastases from 
an osteogenic sarcoma of the right femur. Amputation had been performed a year previ¬ 
ously'. The left lung was perfused first and the right a month later. A mild perihilar 
pneumonitis that cleared in 4S hours appeared after the first perfusion. No pneumonitis 
was noted after the second perfusion. Following the first perfusion, the lesions in the left 



Fig-. C.—Case 3. 
mm. per second. Time 
occlusion by the inflate 
block and pulmonary hypertension, 
normal pulmonary capillary levels w 


and pressure data recorded at paper speed of u> 
second. A, At the moment of pulmonarj a 
seconds later. The data show right, bundle oranen 
The pulmonary arterial pressure drops lmmeuiac ) 
lien occlusion of the artery is complete. 



A. B. 

Fig. 7.— A, Balloon catheter in left pulmonary arteiy. The balloon I s . ..f.t'Vidmo¬ 
tile artery arches over the left main-stem bronchus. B, Balloon catheter in tne iib , v ;. cn 
nary artery. Here the balloon lies transversely and has a characteristic sausage 
occlusion of the artery is complete. 


lung remained static with the exception of two that increased slightly in size in c0 " ‘ 
to the rapid progression of those in the right lung (Fig. 9). Follow-up chest ioentg< ii».- r - 
have not yet been obtained following perfusion of the right lung. 


Case 3.—A dose of 0.1 mg. per kilogram of nitiogen mustard (5.1 mg. ni J.l 
saline) was administered to a 65-year-old man with an inoperable adenocarcinoma 
right lung, metastatic to the scalene nodes (Fig. 10, A). On admission o > -j e 

Washington University Hospital, the patient had developed partial atelectasis o ^ 

and lower lobes and a large pleural effusion, with roentgenograplnc evidence o . 
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spiead ol the tmnoi tlnougiiouf flic right lung (Fig. 10, 3). Tlioniiciitc-i'- on tun ou.i 
‘■ions yielded ‘■mall amounts of Muosanguincous fluid. Examination for inaligniiiit o'lb 
uas icpoitcd as grade 3 on the fiisf specimen and negative on the second. Following tin 
perfusion, the effusion rapidly alisoibed and had not ie< lined at the time ol the hi't follow 
up loentgenogiam made (i weeks latei (Fig. Id, ('). Compared with the fii“t, the h't 
if-entgenogiam showed the paiahilar mass to be slightly smallei; theie w,i« leaeration of 
the middle and Jowei Jobes with peisisfent minimal pneumonitis, piobalih (aim'd hi the 
mtiogeii imistaid. 



-L B 

Fig 9—Case J Rocntgenogiams of the ciiest A, Before peifmoon JJ, One month 

pet fusion of the Ipft Jung' 


DISCFbblOX. 

TJiesi’ data show that an indicator substance, injected into the ptilmonai} 
arteiy distal to its occlusion, slowly diffuses throughout the lung and’ s 
uaJJy released into the systemic circulation, presumably as a result ot etc 
currents due to variations in the Jett atrial pressure In the normal cog s u'ffo 
bronchial arterial flow and respiratory movements contribute very little to 1 
circulatory pattern. 

In our patients, as m those ot Broiman- and Xemir 24 and their associate^ 
tlie distal pulmonary arterial pressure fell to normal pulmonary capiflan ei 
on inflation of the balloon (see Fig G). Oxygen studies on the last P a 
showed the saturation of this “lacunar” blood to be higher than that o ^ 
systemic blood. However, the indicator dilution curves in all 3 patients si . 
a substantially greater pulmonary-systemic leak than that found in the exp 1 
mental animals (Fig. 11) Increased bioncbial arterial flow in the ptesence 
disease, without change in “lacunar’’ piessiue, is a possible explaiiattom 
though this would not be expected in the presence ot metastatic disease. 111 

study is needed to clarity this discrepancy indieatoi 

The slow circulation and somewhat uneven distribution ol nie ^ 

explain the lower tolerance of the lung for nitrogen mustard admuiis «ei 



r 






\ 


► - 

• t 


*’•& y 


r 


llm mipuioi mediastinum and minimal i IjJil pldii al cfluslon //, Tin da\ IhIoh puiuslon showing a lm^i pli mill (Umlon with 
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this manner than is found with isolated perfusion, which permits the safe ad¬ 
ministration of a dose of 0.4 mg. per kilogram. 2 

Study of the perfused dog’s lung at autopsy showed that the acute pul¬ 
monary lesion produced by the nitrogen mustard, and interpreted roentgeno- 
graphically as pneumonitis, was actually hemorrhagic necrosis of the lung. 
The chronic lesion in the human lung (Case 1) was found at autopsy to he 
anemic infarction secondary to widespread thrombosis of small pulmonary 
arteries. Neither lesion showed any inflammatory component. 


Indicator Dilution Curve (TI8Z4) During And After 
Occlusion Of Right Or Left Pulmonary Artery 


50OJ 


4 



.ioo4 


Time Interval 
Of Samples 1 


Injection 


‘ 3' ' 5' 
Balloon Inflated 


10 * 


-Balloon Deflated - 


Fig:. 11.—Cases 1, 2, and 3. Indicator dilution curve with T-1824. 


The contrast in survival rate between the control and the test seiios o 
animals receiving nitrogen mustard, in a dose of 0.4 mg. per kilogram, sug c 
that the effect of the drug on the lung is the limiting factor in dosage 
than the size of the pulmonary-systemic leak. Experimental data suggest 
maximum dose of nitrogen mustard to be 0.2 mg. per kilogram. Llnuca 
perienee, however, suggests that the maximum permissible dose may oe 
per kilogram. 

On a comparative weight basis (a lung to total body ratio of 1:150), aj 
ing for the leak into the systemic circulation, a dose of nitrogen mustaic 
ministered in this way should provide a tissue concentration some fiftj 1° 011 
hundred times that obtainable by intravenous injection. 

The results of treatment in 2 of the 3 patients are encouraging, ^nithe 
study of this method, both with nitrogen mustard and other ehemotheinpeu 1 
agents, such as 5-fluorouracil, is being undertaken. 


SUMMARY 

The circulation in the lung during unilateral pulmonary arterml occhruon 
by a balloon-tipped cardiac catheter has been studied in the dog am 
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Studies with various indicators show widespread, slightly uneven, diffusion 
throughout the lung with a progressive leak into the systemic circulation. 

The tolerance of the lung for nitrogen mustard administered by this tech¬ 
nique is the limiting factor in dosage rather than the size of the pulmonary- 
systemic leak. 

Nitrogen mustard, in doses of 0.05 to 0.1 mg. per kilogram, was safely 
injected into the pulmonary artery distal to its occlusion, with beneficial effect 
on primary and metastatic tumors in 2 of 3 patients. 

This technique allows repeated chemotherapy of the lung without thora¬ 
cotomy. is selective within limits, and. on a comparative weight basis (lung to 
total body), should provide a tissue concentration of nitrogen mustard fifty to 
one hundred times that obtainable by intravenous injection. 

The assistance, in the indicator dilution studies, of Dr. George Kelser of the Depart¬ 
ment of Medicine and Dr. Ramsey MaeCordy of the Department of Anesthesiology is grate¬ 
fully acknowledged. 
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AN EXPERIMENTAL STUDY OF PULMONARY 
ARTERY REPLACEMENT 


Joseph W. Gilbert. Al.D. (by invitation). William P. Cowell. Al.D. 
(by invitation), and Theodore Cooper. Al.D.. Ph.D. 

(by invitation). Betbesda. Aid. 


T he correction- of certain congenital cardiovascular malformations, sucli as 
atresia of the main pulmonary artery, varieties of persistent truncus arterio¬ 
sus, and transposition of the gi'eat vessels, is contingent upon effecting com¬ 
munication between the right rentriele and the pulmonary arterial tree. Re¬ 
placement of the bifurcation of the pulmonary artery distal to the valve with 
an aortic homograft w as undertaken by Robinson and his associates 1 in exploring 
means for treating thrombosis of the pulmonary arteries. They concluded that 
this technique uas unsatisfactory since degeneration of the grafts was evident 
as early as 70 days postoperatively Dono\an and his co-workers 2 employed 
venous-lined tubes of polyethylene or homologous trachea between the right 
ventricle and the left pulmonary artery; the lumens usually became obstructed 
within 3 or 4 weeks. The technical problems and the hemodynamic consequences 
attending insertion of valveless Eduards-Tapp Teflon prostheses between the 
right ventricle and a main branch of the pulmonary artery comprise the subject 
of this study. 


method 

Adult mongrel dogs, weighing 13 to IT hilogiains, weie anesthetized with thiopental 
sodium (30 mg. pei kilogram; and the lungs weie mechanically \outdated thiough a cuffed 
wt rat radical tube with 100 pei cent o\\gcn. Digoxin, 0.015 mg. per kilogiam to 0.03 mg. 
per kilogram, was adnumsteied mtiavenously following induction of anesthesia and the 
or light tlioiax was enteicd thiough the fouith mteicoital space (Fig. 1). Piessuies 
m the fcmoial arteiy, light lcntncle, and a sub^egracntal tnbutaiy of the ipsilatcial pul¬ 
monary artery were measuied by moans of Statliam tiansducois and inscribed. with Load IX 
the electiocardiogiam, on a multichannel iccoidei. The light oi loft pulmonaiy aiteiy 
Uas m °hilized and dnided and an Edwaids Tapp piosthosis of woven Teflon, to 3 /$ inch 
ln diameter and 6 to 8 cm in length, was appioximated to its distal end by means of a 
continuous 50 aitonal sutuie. The pioximal end, supported by an inclosed oxtialuminnl 
polyethylene sleet e, was inserted into the outflow tiact of the light tentiicle thiough a 
purse stung sutuie during 30 to 60 seconds of eatal occlusion The pio-thesn, was flved 
0 the nuocardvum 1 a moans of additional intenupted suture- The tlmiax was olosed 

anatomically. 

From the CUtnc of SuigLr>, National Heait Institute, Btthesda 14, Md 
a * 1 Beacl^Fhul^iay *ll-^l 3 f l l 960 etln& ° f ^ Vmer,can Association for Tlioracic Surgery 
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AN EXPERIMENTAL STUDY OF PULMONARY 
ARTERY REPLACEMENT 


Joseph W. Gilbert, AI.D. (by invitation). William P. Cowell. Al.D. 
(by invitation), and Theodore Cooper, Al.D.. Pb.D. 

(by invitation ). Bet herd a. Aid. 


T he correction of certain congenital cardiovascular malformations, such as 
atresia of the main pulmonary artery, varieties of persistent truneus arterio¬ 
sus, and transposition of the great \essels, is contingent upon effecting com¬ 
munication between the right \ entriele and the pulmonary arterial tree. Re¬ 
placement of the bifurcation of the pulmonary artery distal to the vahe with 
an aortic homograft was undertaken by Robinson and his associates 1 in exploring 
means for treating thrombosis of the pulmonary arteries. They concluded that 
this technique was unsatisfactory since degeneration of the grafts was evident 
as early as 70 days postoperatively Donoxan and his co-workers 2 employed 
'enous-lined tubes of polyethylene or homologous trachea between the right 
ventricle and the left pulmonary artery-, the lumens usually became obstructed 
within 3 or 4 weeks. The technical problems and the hemodynamic consequences 
attending insertion of valveless Edwards-Tapp Teflon prostheses between the 
right ventricle and a main branch of the pulmonary artery comprise the subject 
of this study. 


method 

Adult mongrel dogs, weighing 13 to 17 hilogiams, weie anesthetized with thiopental 
sodium (30 mg. pei kilogram) and the lungs woie mechanically toutdated thiougli a cuffed 
nitratiaclu-al tube with 100 pei cent oxygen. Ibgoxin, 0.015 mg per kilogram to O.03 mg 
per Kilogram, was administered intravenously following induction of anesthesia and the 
e * or ri g1d tlioiax was entoied thiougli the fouith intercostal space i Fig. 1 i. Pi assures 
m the femoral arteiv, light ventiiele, and a sulisegmental tnhutaix of the ipsilateial pul¬ 
monary artery were measured bj means of Statham tiansduceis and lnseiilied, with Lead II 
°f the electiocardiogiam, on a nnilticliaunel leeoidei. The light oi left pulmonary arteix 
ms mobilized and divided and an Edwards Tapp piosthesis of woien Teflon, -fit, 1° ’Is inch 
" diameter and 6 to S cm. m length, was approximated to its distal end by means of a 
'Ruinous 3 0 aiterial sutuie. The pioximal end, suppoited lit an inclosed extraluminal 
0 .'ethylene sleeve, was inserted into the outflow tiact of the right vontncle thiougli a 
'--‘rmg sutuie during 30 to 60 seconds of oaval o< elusion The pioxthes]., was fixed 
'e myoeaidiuin bv means of additional inteiniiited sutures The thoiax was closed 

anatomically. 

tuom tlie Clinic of Suigerj, National Heart Institute, Bctliesda tt. Mil 

a t Miarrn'nlif Hie Fortieth Annual -Meeting of The American Vssoci ition for Thoracic Surgery 
1 i-eacli, Fla , May 11-13, 1960 ' 
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Right heart catheterization and angiocardiography were carried out in all survivors 
3 to 90 days after operation. Serial radiographs (2 per second) were made following the 
selective right ventricular injection of TO per cent Urokon (1 c.c./Kg.). In all animals 
in which initial patency of the prosthesis was demonstrated, the study was repeated after 
an interval of at least 90 days (Fig. 2). Bogs in which the grafts were shown to he 
obstructed were sacrificed aud the. causes of failure determined. Three animals having 
patent grafts were sacrificed at intervals of 5 days to 171 days to observe the lumens, 
anastomoses, and ventricular orifices of the prostheses. 


RESULTS 

Fifteen of the 25 dogs in which the procedure was performed survived. Tiro 
died during operations because of technical errors. Delayed hemorrhage fvom 
ventricular detachment of the prosthesis (2 dog's) and disruption of the pul¬ 
monary artery anastomosis (1 dog) accounted for 3 deaths. Massive postopera¬ 
tive atelectasis resulted in the loss of 3 dogs and infection caused the death oi 
2. In 1 animal, which died with multiple pulmonary abscesses, the prosthesis 
was obstructed at the pulmonary artery suture line by thrombus. The grabs 
were patent in the 4 remaining dogs .in which death could not be ascribed t° 
technical inadequacy. 

The acute circulatory changes associated with insertion of the vaheless 
unilateral prosthesis are illustrated in Fig. 3. Moderate elevation of systoic 
pressure and slight elevation of end-diastolic pressure occurred in the ng l 
ventricle. The pulse pressure was increased in the pulmonary artery dista to 
the graft, the cardiac rate was increased, and the systemic arterial piessute 
remained at control level. 

Patency of the prosthesis was demonstrated in 10 of the 15 survivors at 
the time of the first study, 3 to 90 clays postoperativelv. The causes of e<n > 
obstruction were kinking because of excessive graft length or atelectasis m 
instances, improper ventricular insertion in one, and infection m one. 
prostheses which were initially patent were found to he obstructed at 3 mon 1S - 
In three, improper right ventricular insertion was responsible for obstruction, 
and in one, infection. , 

The lumens of patent grafts were lined by thin fibrinous films at o <0 > 
and by 170 days this had become a densely adherent gray membrane, b 1 ' 1 ' c ‘ 
the suture lines nor the ventricular orifices showed evidence of stenosis (Fig- 


Table I. Postoperative Right Heart Catheterization Bata 


dog no. 

POSTOP. 

INTERVAL 

(DAYS) 

F.A. 

(mm. iig) ; 

R-A. 

Hg) | 

R.V. 

(MM. Hg) 

472 

3 

100/100 

3-9 

32/5 

502 

6 

140/100 

4-8 

36/6 

582 

19 

172/122 

3-7 

40/6 


90 

164/110 

4-9 

3 S/5 


49 

135/94 

3-6 

36/5 


90 

193/147 

4-9 

35/5 

R32 

90 

186/102 

4-7 

38/S 

Anesthetized normal 

150/100 


2G/6 


Lefiend: F.A. = femoral artery, 
pulmonary artery (contralateral). 



R.A. := right atrium. R.V. = right ventricle 
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n l; ' 1—Method emplo'ed in replacement of the left main pulmonary artery with troien 
tenon graft The proximal end of the prosthesis is inserted into the right \entncle during 
hnef catal occlusion 



Pig 


monan^!SS car ? , . 08Tam Showing patent prosthesis between right i cntricle and right pul- 
t arxerj (A) in lateral Mew at 19 da\s and (Bj in anteroposterior Mew at 90 dais 
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Postoperative right heart catheterization data comprise Table I. Minimal 
elevation was seen in the systolic pressure in the right ventricle; the systolic and 
diastolic pressures in the opposite pulmonary artery were normal. Systemic 
arterial hypertension and tachycardia of moderate degree were present in all 
animals, which were under light thiopental sodium anesthesia. 

‘ * Control Graft In Place 



COMMENT 

The replacement of portions of the main pulmonary arterial tree by m “ ch 
of Edwards-Tapp Teflon prosthesis seems feasible. Although the or 

material for this purpose appears to afford certain advantages over on 

aortic homografts, proper evaluation of its ultimate fate in the lessel yesselSj 
requires more prolonged observation. Unlike grafts inserted m systc: 
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pulmonary artery replacements must traverse the mediastinum virtually unsup¬ 
ported by adjoining structures. This, together with the lorn pressure in the 
pulmonary artery, predisposes toward obstruction by kinking, especially in the 
event of atelectasis. Despite the relative sparsity of adjacent tissues, intra¬ 
luminal healing of the Teflon prostkeses appears to progress in accordance with 
the process described 3 following their insertion in systemic arteries. Stricture 
at the site of anastomosis, which has been reported after synthetic graft replace¬ 
ment of segments of the inferior vena cava, 4 ' 1 has not been observed in this 
experience. Xo histologic changes have been discernible in the vessels or pa¬ 
renchyma of the lung distal to the valveless grafts. 



Fl o. 4 Teflon prostheses from dogs sacrificed (A) at 5 days and (B) at 171 days following 

insertion 


Pressure measurements in the right ventricle demonstrate small but sig- 
m ficant changes in systolic and end-diastolic pressures following insertion of a 
'aheless unilateral pulmonary artery prosthesis and dilatation of this cardiac 
c <lm ber was regularly noted. These findings reflect the increased end-diastolic 
volume and stroke output caused by regurgitation from one lung. The use of a 
graft of excessive length increases the resistance to flow to the respective lung, 
resulting in further elevation of right ventricular pressure. Increasing the flow 
'rough the prosthesis by' occluding the opposite pulmonary artery accentuates 
s gradient and the elevations in systolic and end-diastolic pressures in the 
r> e ht \entricle. These observations emphasize the critical factors of graft length 
proportion which must be considered in replacement of the main pulmonary' 
aiten and its bifurcation. Although the infliction of regurgitation in the per- 
mance °f pulmonary valvulotomy has not generally been accorded serious 







672 


GILBERT, CORNELL, COOPER 


J. Thoracic and 
Carchovas Surg. 


> 

concern, Fowler and Ducliesne 8 have shown experimentally that the lesion may 
not be entirely innocuous. Replacement of the pulmonary artery with a graft 
which is inelastic, as well as valvelcss, imposes a more marked burden upon the 
right ventricle. The availability of a satisfactory prosthetic valve will sig¬ 
nificantly simplify this problem. Finally, it must also be recognized that the 
individual variables which may affect the hemodynamic consequences of pul¬ 
monary artery replacement in a patient with congenital heart disease may not 
necessarily be anticipated from studies performed in the normal dog. 

SUMMARY 

Woven Edwards-Tapp Teflon blood vessel prostheses were inserted between 
the right ventricle and a main branch of the pulmonary artery in 25 dogs, 15 of 
which survived chronically. Right heart catheterization and selective angio¬ 
cardiography were performed in the survivors and in 10 the grafts were found 
to be patent 5 days to 90 days postoperative^. Repeat studies disclosed that m 
4 animals, in which the grafts were initially patent, obstruction subsequently 
occurred within 90 days. The causes of failure, certain pathologic findings, 311 
hemodynamic observations pertinent to this use of vascular prostheses are con¬ 
sidered. 
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A SIMPLE STAPLING DEVICE FOR THE 
ANASTOMOSIS OF BLOOD VESSELS 

Timothy Takaro, M.D., Oteen, N. C. 


A number of instruments have recently been described for the anastomosis 
of blood vessels by means of the simultaneous application of multiple small 
staples circumferentially. 1 " 3 While the usefulness of such devices, either ex¬ 
perimentally or clinically, has not yet been established, there is certainly room 
for the opinion that instruments which can perform a technically perfect anas¬ 
tomosis speedily at every application may ultimately find utility, especially in 
small blood vessel anastomoses and in organ transplantation. Therefore, basic 
experimental studies of the use of such instruments seem to be indicated. 

A device of but few components and of simple design has been constructed 
which has made possible the mechanical anastomosis of prosthetic grafts to blood 
vessels by intubation of the blood vessel, the stapling being carried out while 
blood is flowing through the junction between the vessel and the graft. This 
instrument, the technique used, and the results of laboratory experiments with 
this technique are described below. 

description of device 

One jaw of a previously described cylindrical vessel coupling device,c. 7 bivalved to 
permit removal, was modified by fitting it with eight tiny shafts for housing staples and for 
gmding two four-pronged staple drivers (Figs. 1 and 2). On the opposing jaw, eight, pre- 
cisely placed, specially shaped indentations for clinching the staples were fashioned. A 
circular bivalved nut which was fitted onto the staple-housing unit served to force the staple 
river prongs into the shafts, thereby pressing eight tiny staples across the interval between 
. 6 clincher unit and the staple-housing unit, and causing the legs of the staples to be bent 
imvard toward each other. The staples were made by hand of surgical stainless steel wire 
®r dental gold clasp wire, of 0.012 in. diameter, cut to produce a sharp point on each leg 
* If f' ; ’b Deg lengths of the staples varied from 0.07-1 to 0.125 in. The width of the staples 
a * e base was 0.086 in. The internal diameter of the staple-housing unit was 9 mm. and the 
external diameter, 12 mm. 


METHOD 

doc Elastlcized Dacron grafts* were interposed in the thoracic aorta of 25 normothermic 
—s^jvcighmg 13 tQ 2 _ kilofrramSj usJng the stapling device just described for effecting one 

°teen F N m c. the Cardio P UImonar X Research Laboratory. Veterans Administration Hospital. 

Tins project was aided by a gTant from the American Heart Association 
« ^Annual Meeting of The American Association for Thoracic Surgery 

h '>ckcn,'p aflo 'i.'Dacron, manufactured by the Bentley. Harris Manufacturing Comnanv 

• i'a. Two different sizes were used, measuring 13 mm. and 17 mm. fiat Consho ' 
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anastomosis (Pig. 4). The other was sutured with arterial silk, with the aid of a previous!} 
described coupling device. 7 The staple housing unit was first loaded with eight staples 
Next, the two four-pronged staple drivers were engaged in the staple housing shafts Then 
one end of an elasticized Dacion prosthesis was passed through the lumen of the staple 
housing unit and cufted back upon it, covering the openings of the staple housing shafts 
The other end of the graft was cuffed back upon the graft-bearing portion of the other 
coupling device. The prosthesis was preclotted with fresh blood. 

The animals were anesthetized with Nembutal and the trachea was intubated. A posi 
five pressure respirator was attached. The left pleural cavity was entered through the fifth 



Pie 1 —Stapling- device disassembled, side view-. 

A, Clincher unit, hinged to allow removal . 

B, Staple-housing unit, w-ith staple drivers m place This unit is also lunge 
shallow groove near clincher end 

G, Staple-driving nut, hinged to permit removal 

D, Bolts to approximate clincher and staple-housing units 



Fig 2 —Stapling device, disassembled, end-on view. . semicircular 

A, Clincher unit with jaws opened showing four depressions engraved in ea 
law to'clinch staples shafts positioned 

B Staple-housing unit with jaws opened showing four staple-housing s dn vers and 
exactly Opposite the engraved depressions on the clincher unit jaws Stap 
staples have been removed , . shown above 

C, Circular staple-drains nut opened with fastening bolt removed and 

the nut 




Fig 3— A, Close-up of the 2 semi-circular staple dmers, the four prongs of which fit 
exactly into the four staple-housing shafts of each jaw of staple-housing unit. 

B, Close-up of staples At left, long-legged staples, m middle, short-legged staples (see 
text); at right, staples which lia\e been recovered from an aortic graft anastomosis, by 
digesting awa> the tissues, to show shape of clinched staples One at top was improperly 
deformed. 



Fig 4 —Steps in technique of stapling pro^the^is to aorta 
Assembled stapler, side \iew 

of hioii^ tai> ^ er Partially disassembled. Staple-housing unit loaded with staples, the points 
are J us t Msible, protruding from staple shafts for demonstration only In use, thev 

^-iracted within the shafts, out of sight. Xote staple dmers m place 

grom ?'«P a ? ron sraft pulled through loaded staple-housing unit and cuffed back upon the 
e O'erhmgr staple shafts 


loon hoiF' erte<i inserted into aortic lumen It is held in place temporarily bv a wire 

unit (•flirt ln *. a -t ° nsi1 snare (not shown), until bolts can be applied Ordmafilj,’ clincher 
p ° not shown) has already been positioned around the intact aorta. 

^PProrin^? 1 ^ P^^ed through staple-housing unit arms ha\e engaged clincher unit arms and 
Jat\* the jaws of the stapler, locking aorta and graft in the internal between the 

drnp r Q fi e clrcu Jp-r ^taple-dn\ ing nut has been applied and tightened against the staple 
tfinchinr* l ?f cin 5 the eight staples across the mtenal between the jaws of the stapler and 
F p them, completing the mechanical anastomosis 

b°it fasten 16 s *SP* er has been remo\ed by disengaging the two main bolts, as well as the 
* th» njr * he c,rcu lar nut, and opening the 3 major components on their hinges. This 
e appearance of the anastomosis after trimming off excess aorta. 
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interspace; the mediastinal pleura was incised and reflected back from the aorta. The first 
five pairs of intercostal arteries were divided between ligatures, mobilizing the proiimal 
descending thoracic aorta. The appropriate semi-circular opposing jaws of each coupling 
device were placed about the intact aorta near the proximal and distal ends of the isolated 
segment and the matching pairs fastened together to complete the circle. A holding suture 
of 5-0 arterial silk was placed near the’proximal and distal ends of the isolated, intact aorta, 
and two loops of braided wire were placed around the aorta and tied onto tonsil snares, 
which were held ready for tightening. The aorta was then cross-claruped just distal to the 
subclavian artery and also at the level of the sixth intercostal artery, and the segment o£ 
aorta between the clamps was incised longitudinally. 

The staple-housing unit bearing the everted Dacron prosthesis was inserted into the 
lumen of the aorta at one end of the isolated segment, through the incision in the aortic 
In order to keep the device from slipping out again while the approximating holts were 
being applied, the device was held firmly in place in the aortic lumen by tightening the wne 
loop around that portion of the aorta which hugged the everted cuff of prosthesis. T e ’ 
bolts were then slipped through the holes in the arms of the staple-housing unit, engage 
the holes in the arms of the opposing staple-clinching unit, and tightened a determinate 
tance, sufficient to close the gap between the two circular jaws of the stapling device 
to lock the aorta and the graft together in the interval between the jaws, but not sufficie 
allow crushing of the aortic wall. 

A similar procedure was carried out at the other end of the isolated segment of ^ 
Aortic continuity was thus restored by an indwelling Dacron prosthesis which " as 
into place proximally and distally by coupling devices. The aortic occluding c affl P^ ^ 
removed, restoring blood flow through the thoracic aorta. The wire ioops nere loo.e 
removed. The segment of incised aorta between the two coupling devices was resec e 

The circular staple-driving nut was applied to the staple-housing unit and faste 
place with a small bolt. This circular nut was then turned clockwise on the unit, pu~ ^ 
the two staple drivers ahead, and forcing the eight small staples simultaneously t ^°^ en ing 
graft and aortic walls and on into the indentations in the clincher unit. Further ig . ^ 

of the nut with the aid of strong forceps caused the staples to be ‘ ‘ clinched, t ia 
staple legs were bent inward toward each other. This completed the mechanical ana ”^ . rc 
The bolts approximating the 2 circular jaws were removed and the bivalved CirC ” on(ro p c j 
of the stapler were opened and also removed. Bleeding between the staples nas ^ 

by wrapping the anastomosis in gauze and applying moderate pressure. Occasions^ 
sutures of silk or a second row of staples had to be applied to control bleeding. ^ ves;e 1 
anastomosis was sutured with 5-0 arterial silk in the usual manner, after which c ^ num- 

couple was also removed, leaving the stapled and sutured prosthesis in the me ■ ^ ^ 
Following closure of the mediastinum over the graft, the chest was closed and ra ^ was 
a few hours by a negative pressure suction pump. Occasionally a blood tram 
given during surgery. Antibiotics were sometimes used. to 

In 6 animals, for the reason just noted, two rows of staples, staggered with r P 
each other, were placed. In 20 animals, the stapled anastomosis was the prosima one,^ ^ 
in 5, it was the distal anastomosis. Upon sacrifice or death of the animal, an au Pj^.^ 
done and the engrafted aorta was recovered, opened, inspected, and photograpbe 
were taken across each anastomosis for histologic examination, after remova o aniiua ls, 
bv fine wire cutters. The sutured anastomosis served as the control. From some ^ ^ 
sections of both the stapled and sutured anastomoses, 1 cm. in width, were prepar ^j.. 
subjected to tensile strength measurements, using the inclined plane Scott tes cr ’ hy 

ing point of the anastomosis being used as the end point. In 8 animals, thoracic - 
was performed at varying intervals following surgery. ~ 

«yiade available through the courtesy of the American Enka Corporation, Enka, >• 
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RESULTS 

The procedure was carried out in 25 animals. The average time of aortic 
occlusion needed to interpose the graft and to lock it into place, re-establishing 
blood flow, was 5y 2 minutes. Aortas, ranging in diameter from 1.3 to 2.0 cm. 
in the blood-filled state, were successfully stapled with the single model avail¬ 
able. There were two immediate failures, one of which resulted in death of 
the animal on the table. Five animals died at intervals of 1 day to 4 months 
after surgery of hemorrhage, infection, or pneumonia. In 2 of these, the graft 
was occluded. The remaining animals, including 3 which developed paralysis 
of the hindquarters, were sacrificed at intervals from 1 week to S months or 



Ecptiri —Thoracic aortogram, Animal 17, showing 1 Dacron graft interposed in upper de- 

with thoraci c aorta. The proximal anastomosis, indicated by slight narrowing, was made 
S1IK sutures with the aid of an Oteen vessel coupling device. The distal anastomosis 
a accomplished by the Use of the stapling device and is indicated by the arrow, 

were allowed to survive, 8 being kept for long-term stud 3 T (see Table I). Of 
the 25 instances, the graft was patent in all but 2 as shown at autopsy, upon 
aortography or by palpation of femoral pulses. Aortograms showed varying 
degrees of narrowing at both anastomoses, ranging from slight to marked, de¬ 
pending upon the disparity between the diameter of the blood-filled aorta and 
the diameter of the graft (Fig. 5). Calculation of the area of the aortic lumen, 
Proximal to the stapled anastomosis and at the anastomosis, showed a reduction 
111 area U P to 75 per cent in a few instances, although the area at the anasto¬ 
mosis averaged only 30 per cent less than the area of the lumen of the craft 
itself. 

The results of thirty-one tests of the breaking point of the anastomoses per- 
ormed on the inclined plane tester favored the silk sutured anastomoses. This 
'' Vas true of the specimens from 3 animals sacrificed within 2 weeks of operation, 
5 sv,e ^ as from 5 animals allowed to survive up to 8 months. The average 
reaking point of stapled anastomoses occurred at 2.6 pounds of stretch (range 
— to 5.2) compared with an average of 3.3 for silk (range 1.0 to 6.1). 
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PATHOLOGY 

Grossly, there was a rather obvious ridge at the stapled anastomosis within 
the aortic lumen in most specimens, where the graft was cuffed hack upon itself. 
This resulted in moderate narrowing of the lumen. Fibrin collected at the 
base of the ridge early; later, fibrous tissue bridged the gap between the aortic 
intima and the inner surface of the graft. This was usually not as well de¬ 
veloped or as smooth as the union between the graft and the aorta at the sutured 
anastomosis. There was also a less obvious ridge and less narrowing of the 



6.-—Gross specimens of stapled aortic Pa cron grafts scarcely 

A s Graft from animal sacrificed 8 months after operation; the staples ar e at 

visible and are covered with thm smooth fibrous tissue as js the sutured anaswi 
other end of the graft , fibrin. 

B, Graft from animal sacrificed 6 months after operation which shows deposi 
several millimeters in thickness, m mid-portion of graft. 


lumen at the sutured anastomosis. There was little or no inflammatory reac 1 
in the tissues surrounding the holes which remained after removal of the s ap 
The elastic fibers were compressed at the site of the staples, but not in the are^ 
between staples. Occasionally there was disruption of elastic fibers at the ana 
tomotic site, probably from excessive compression of the media by the s ap ^ 
device. In contrast to the stapled anastomosis, there was usually a ^ 
moderate inflammatory reaction around the silk threads at the suture 
tomosis. Compression and, less commonly, disruption of elastic fibers, pres 
ably due to the coupling device, were seen at this anastomosis also. ^ 

The grafts were lined in the immediate postoperative period wi 1 ^ 

which later became organized into a compact layer of fibrous tissue, J 
smooth and glistening (Fig. 6). However, in several specimens, dep ■ 
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fibrin, up to a few millimeters in thickness, were found in the mid-portions of 
the graft as late as 6 months following- operation. Two grafts were completely 
thrombosed in their mid-portions, 2 and 4 months following operation. In these 
animals there was microscopic or gross evidence of infection. 




1 -—Microscopic section of stapled aorta-Dacron anastomosis. 
f'»miea'h® p€ ’ ci rt en sllo « s everted cuff of graft t right > within lumen of aorta. Note ridge 
tissue C .°- ^ ra ^ t - The surface facing the lumen of the aorta is at the top. (Elastic 
* win r X 4.0, j 

Therms*- of same specimen. Compression of elastic fibers by staple is well seen. 

- - i" no inflammatory reaction and no other medial injury. (Elastic tissue stain; x30.) 


discussion 

I ho earliest report of a vascular stapling apparatus, by (iudov. 10 years 
is in Russian and was not available to us. This is apparently the precursor 
T ' le device described more recently by Androsov. 1 which employs tantalum 
staples- and is a complex, precision instrument of approximately 26 parts. 
ls sai<l to Ik- usable for suturimr vessels from 1.6 to 16 nnn. in diameter. 
‘ r.sion of the ends of both vessels heimr joined is required. The instrument 
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was reported to have been tested in 394 experimental operations on dogs with 
excellent results; there was no narrowing at the anastomotic site, no thrombosis, 
no sear formation, and no inflammatory reaction around the clips. Details of 
these experiments were not given. 

A Hungarian stapling apparatus was described in 1953 by Bikfalri and 
Dubeez 2 along with details of its use in 47 animals. Stapling of the abdominal 
aorta with this device was successfully accomplished in 27 animals, of which 
there were IS survivors. The details of construction of the device are not easy 
to make out. Suturing was accomplished by XJ-shaped silver clamps. 

The third report of a blood vessel stapler to appear was that of Vogclfangcr 
and Beattie from Canada. 3 Again, the finer details of the mechanics of the 
instrument arc not clear, but the construction seems to be considerably simpler 
than that of the preceding two. Tantalum U-shaped staples were used in the 
abdominal aorta of 10 pigs. Few details of the experimental work done r\cie 
given in this report. 

The description of a stapling device of Japanese construction, by Inolcuehi, 
next appeared. 4 This resembles the Russian stapler but is of simpler design. 
Alloyed steel clips were used in numerous animal experiments. Again, few 
details were reported. However, in a personal communication, Dr. Inoluicn 
kindly sent details of the results of experiments in 68 animals, comparing 
suturing techniques with stapling techniques in vessels ranging from ium ' 
to 9.0 nun. in size. There was clear-cut superiority of the stapling technique 
over suturing by hand using the Carrel technique, in both veins and arteries. 

The fifth stapling device of which we have knowledge is of a totally i h 
ferent design and was reported by Sterling of Philadelphia. 5 This instnmiei^ 
does not place all the staples into the anastomosis simultaneously as the o 
do, but instead, singly, by a-device which rotates the anastomosis throng i |C 
stapler. No experimental or clinical applications were described. 

Our instrument, the sixth to appear, has the virtue of simplicity of desc 11 
since it consists of but eight parts. It has functioned successfully over a 
broad range of vessel sizes. Staples have been made of both stainless stce 
of a gold alloy. ^ 

The method of anastomosing graft to vessel by intubation of the vessel \u 
the everted graft seems attractive because the vessel wall need not be tiamm 
tized by instruments nor everted on the coupling device. It seems to he coi^ 
siclerably easier technically to intubate a vessel than it is to evert the cut cn^ 
of a vessel over a device, especially if the vessel wall is thick or stiff because o 
disease. The technical excellence of some anastomoses, the metallic, nonicactnc 
nature of the staples, and their minimal contact with the blood stream a s ° 
recommend stapling methods generally. Speed of effecting the union is nnot 

advantage. . ]i pr 

On the other hand, the need for a special device of the correct size, sn • 
than the vessel to he anastomosed, may prove to be a serious disadvantage v 1 
worldn°' with vessels of small caliber. The collections of fibrin in the nuc -poi ■ 
of some grafts may he taken as evidence of the effects of turbulence due o m 
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rowing at the anastomotic junction in these animals. The thickness of the graft 
material (the everted cuff was 2 mm. in thickness) and the relative rigidity of 
the thick-walled thoracic aorta undoubtedly exaggerated the degree of narrowing 
which this teelmique produces. It is possible that with thin-walled veins as 
grafts to small arteries the degree of narrowing at the anastomosis may be in¬ 
significant. The report by Androsov and the experimental data provided by 
Inokuchi support this view. Our own experience with the use of this stapler 
in end-to-end anastomosis of the divided superior vena cava in animals also 
encourages us to expect better results with thin-walled vessels and prostheses. 

Another disadvantage of this technique is the need for graft material of 
sufficient elasticity to prevent wrinkling when the graft is everted upon the 
stapler. Braided nylon, elastieized "Fluffon"' Dacron, and homografts, as well 
as autografts, have all been used successfully in such devices. 

Excessive bleeding between staples may be overcome by diminishing the 
distance between staples or by adding a second row of staples, staggered with 
respect to the first row. 

Cuffing of the blood vessel over the graft makes it. necessary to free up 
longer segments of blood vessel than the ordinary suturing techniques require. 
It is possible, however, that the advantages of obtaining technically excellent 
anastomoses in small vessels, or speedy anastomoses in large vessels with multiple 
branches (aortic arch, thoracoabdominal aorta), by mechanical means may out¬ 
weigh the disadvantages of the additional dissection required to provide ade¬ 
quate cuffs of vessels. 


SUMMARY AND CONCLUSIONS 


1- A simple device, of but eight parts, for anastomosing a prosthetic graft 
to the canine thoracic aorta by intubating the aorta with the everted graft to 
achieve union is presented. Stapling is accomplished while blood is flowing 
through the device. 


2. The instrument was used to interpose an elastieized Dacron graft in the 
descending thoracic aorta of 25 animals. There were 2 operative deaths, and 
' * ll * e deaths because of infection, with thrombosis of the graft. The remaining 
animals had patent grafts with anastomotic junctions which were technically 
excellent for the most part. 


3. Significant narrowing at the anastomotic junction, which was due in 
*' al * *° disparity between the aorta and the graft and in part to cuffing of the 
Mssol over the graft and of the graft upon itself, was observed in some animals. 
to ,ls m<a . v be overcome if prostheses sufficiently thin and elastic can be produced 
° a ^°" temporary distortion by the stapling device, until stapling can take 
ace - A ein grafts would probably answer the purpose. 

( j. smaller model of the instrument, suitable for use in vessels 3 mm. in 

s ‘‘'" e ter. is being constructed. It is in the area of small vessel anastomoses that 
lf 1 <le\ieos may find their greatest usefulness. 
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EXPERIMENTAL LEFT CORONARY ARTERY PERFUSION 
THROUGH AN AORTOTOMY DURING 
CARDIOPULMONARY BYPASS 

james B. Littlefield, Al.D. (by invitation). Edward Al. Lowicki, Al.D. 
(by invitation), and William H. Aluller, Jr., Al.D.. Charlottesville. Va. 


A direct surgical approach on the aortic valve often necessitates a prolonged 
aortotomy, during which time the maintenance of myocardial nutrition is 
mandatory. The desirability of utilizing coronary artery perfusion to maintain 
nutrition in the bypassed heart with an ascending aortotomy is now well estab¬ 
lished. Clinically, we have founa left coronary artery perfusion to be very 
satisfactory and the approach to the aortic valve is facilitated with a single 
cannula in the operative field. 1 The difficulties associated with retrograde coro¬ 
nary perfusion have been presented by Shumvay-’ and Melrose. 3 

Our interest in experimental coronary artery perfusion began 2 years ago 
'uiing the laboratory investigation of prosthetic aortic valve replacement. It 
"as immediately apparent that the lack of a suitable cannula tip to accommodate 
1 m coronary ostia of the dog limited successful coronary artery perfusion 
nough an open aortotoim. Other investigators have reported similar experi¬ 
ences.-’ 1 Fig. 1 shows several cannulas which were studied before the tip (Fig. 

’ c ) no ' v lise d experimentally for left coronary artery perfusion was developed. 

10 mil ltiple holes present are necessary to avoid obstruction of the blood flow to 
eail\ branches of the left eoronarv arterv 


experimental method 

nii'ttn 'T ( '°S s (10.9 to IS hilogiams) weie studied, 15 as controls, 2d in acute expeli- 
, ’ an< ^ a 1 " survivoi animals. Sodium pentobarbital anesthesia was used and positive 
r, Klit r *'?' lea ^ 1"cssme ^9 to 12 cin./uatei ) ua- maintained b\ a meelianieal lespiiator. A 
(mi l Ui] ,0 - 0 t°m y through the fouitli liiteuostnl space and complete pump dopemloncy 
tlie ' l °\ v gcnator) weie employed. The ascending aoita was eiO's clamped uitliin 

1 "Utr d' 1 a and a 2 cm. oblique incision nils made just abo\e the aortic \al\e. The 15 
tile r ° a "' m!lls studied In alhmiug blood fiom the lett lontnele to flou fieel.v through 

," amtotomy, whole it was iciiimed l.\ suction until eitliei ventrieulai fibrillation oi 
n„| ‘""‘'t "eeuned. In tin’ lemniudei of the animals, a single coronaiy perfusion can 

LH""ie'''ed eitliei to the aitenal line ot the pump oi to a icsenoii (590 ml. bottle) 

Mllf . Va'" 1 t, “‘ Dcpannn nt of suig.n lim-i*it> ot Vugmi.i School of Mediune, Chat lottos. 

1 S t’nbhc Health Suuct Unints H-JOliS anil H-lfite 
11 -Uiani'i Bcaclu Fla'!' mLi A 11U3 'Yogo'" 1 '' ° f T,K Vmc,,can Association foi Thoracic Snip,.,; 
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mZTttTn C '<; t0 r 110 Cm ‘ ab0VC thc hcart » was iuserted into the left corona*- ostim 
ostium u-, r IC f VC ' ltnole "' as « s Pi>-ated through the aortotomv. The rigid corona* 
S Z, u f • T)l ° ;i,,S1)Cmlwl maintained a constant p.essure of 74 to 

i. , ^ 111 continuous perfusion was performed for periods of Jo to (iO minutes at 

! a UtB h T C( ' n 28 ° !md 3fi ° C - C cs ophage:if and ioctal). Coronary artery flow rates 
: . ^ n01 ° P tr ^ uslon v an‘ed from 50 ml. to 150 ml. per minute. A cannula was placed 

. . 1 auricle in 1 i of the animals studied and total coronary venous flows fcoro- 

P us anteiioi caidiac venous return) were mcasuied with a graduate cylinder; 
onaiy venous samples for oxygen determination were drawn at intervals. Distal aortic 
S mK ’ continuous elect! ooardiograpjiic tracings, coronary venous flows, tcmpcratuics, and 
,/^ nr teno\cuous oxygen saturations (determined photoolectricallv) ucie recordwl. 
, C comp efion of coronary artery perfusion, the aortotomv was closed, the aortic clamp 
'i t'’ r PU ” 1P de P e,ldenc T discontinued as soon as the animal’s temperature reached 
section Lelfoam saturated in protamine was placed over the aortotomj 
a f to1 c * 0&u, ' c to produce local clotting until protamine sulfate had been admin- 
eici s}stctuicully. Postoperative electrocardiograms were taken at intervals in the survivor 
animals. Digitalis was used in only 2 animals that died within a few hours after operation. 



tip e now \n use°fnr t ,‘ ps "ere studied during- this investigation in devclopInB 

neie drsicned to m ii or ,') nar J artery perfusion in the experimental animal. Tips a, «J}jJ 1 
may be u<£?l on eithlr„ n,.wiL c ^ <>nar S ost,l,m and dld a °t have to he held m place Tip e. 
te?nal diameter of 3 5 mni 6 ° r flrm meta! canmila -' “ 5 ™ '««S th with an 


RESULTS 

The success of this investigation was limited by several factors, (1) the Iiced 
iov a specially designed cannula tip to accommodate the dog’s left coronary 
ostium, (2) anatomic variations of tiie left coronary artery characterized by au 
immediate bifurcation, trifurcation, or double ostium, (3) the difficulty in main¬ 
taining proper alignment of the coronary cannula during prolonged periods at 
perfusion, (4) the dog's small, friable, ascending aorta, and (5) complications 
associated with extracorporeal circulation. 

Control Studies .—In the 15 control animals studied (Table I) ventricular 
fibrillation or cardiac arrest occurred within 8 to 45 minutes after opening the 
aorta. The electrocardiogram in 5 of these dogs showed regular electrical ac¬ 
tivity (without ventricular fibrillation) after 60 minutes, even though thc heart 
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visibly was in arrest. Coronary artery perfusion was not performed at any time 
in the control group. Through the open aortotomy of the control animals, we 
observed that there was always a small, slow flow of blood running from both 
coronary ostia into the aorta, irrespective of cardiac rhythm. We have made 
this same observation during other investigations, while employing cardiac arrest 
and an open aortotomy, in the empty, bypassed heart. 


Table I. Cardiac Response of 15 Control Animals to an Open Aortotomy Without 
Coronary Perfusion During Bypass 


mean temperature 

| ANIMALS STUDIED 

MEAN PERIOD BETWEEN OPENING AORTA AND 
ONSET OF CARDIAC ARREST OR 
VENTRICULAR FIBRILLATION 

31°-33° C. 

5 

26.0 minutes 

33°-35° C. 

5 

9.2 minutes 

35°-37° C. 

5 

26.0 minutes 


Acute Studies .—These 24 experiments were terminated acutely because of 
technical difficulties encountered during the procedures. Excessive aortotomy 
bleeding, anatomic variations of the left coronary artery, high plasma hemo¬ 
globin, unsuitable coronary cannula tips, and complications of extracorporeal 
circulation were the major problems in this group. Fifteen of these dogs were 
studied during the first 25 experiments while a suitable cannula tip was being 
developed and the operative procedure standardized. 

Survivor Studies. —Twenty-two dogs survived from 3 hours to 3 1 /) months 
(Table II). The early deaths, within 9 days, resulted from: generalized bleed- 
ln g secondary to cardiopulmonary bypass or postoperative hemorrhage from the 
aortotomy; sudden death of undetermined cause; infection; cardiac failure; 
myocardial infarction; and a high plasma hemoglobin (270 to 400 mg. per cent). 
There was one late death due to empyema. 

Continuous perfusion of the left coronary artery was performed, without 
ventricular fibrillation, for periods of 15 to 60 minutes; the cardiac rate during 
perfusion varied between 60 and 90. Flows from the coronary cannula (50 
n 'l. to 150 ml. per minute) were measured prior to perfusion but angulation 
°f the cannula plus coronary vascular resistance reduced these initially deter¬ 
mined flows. We found the most accurate determination of coronary perfusion 
" tls _ °btained by measuring the total coronary venous return from the right 
muicle. Total coronary venous flow in the nonworking, bypassed heart, before 
( _ c ' 01 'onary artery perfusion, averaged 53 ml. per minute; flows from 40 ml. 
° oO nil. per minute proved adecpiate during perfusion. The suspended reser- 
011 "’ith oxygenated blood from the pump permitted coronary perfusion 
'' muistant pressure of 74 to 80 mm. Ilg; this was technically preferable to 
<ct perfusion from the arterial line of the pump, although both methods were 
n s «l successfully in this study. 

Results of the mean coronary arteriovenous oxygen differences, expressed in 
sin C ° n * N:i,ma, i° n - are summarized in Fig. 2. The bypassed, nonworking heart 
a value of 37.5 per cent which falls to 24.3 per cent (sinus rhythm) and 
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Table ir. Results of tub 22 Animals Studied in Sukvivoi; Exfkhimf.nt.s With Reft 

CORONARY ARTERY PERFUSION Al ONE 




! DURATION i 





1 OF LEFT 



t 

PERIOD 

OF i 

| 

NUMBER 
OF i 

CORONARY 1 
ARTERY 1 
PERFUSION 1 

CARDIAC RHYTHM , 
DURING PERFUSION ( 


SURVIVAL 

ANIMALS 

! (MIN.) J 

SIAM'S |VE\'T. FIB. | 

COMMENTS 


12 /touts 4 

r,o 

X 


Postoperative hemorrhage (aoitofomr) 

or less 

(10 

X 


Right heart failure 


20 

X 


Cause undetermined 


17 

\ 


High plasma hemoglobin (270 mg. yr > 

12 to 24 15 

IS 

\ 


High plasma hemoglobin (400 mg Oct 

hf)Hl« 

30 


A 

R gilt heart failure - 


33 


V 

Postopei afire heritor r lingo 


37 


\ 

Right heait failure" 


45 


\ 

Postoperative hemonhage 


45 

\ 


Postoperative liemonhage 

1 to 9 7 

15 

\ 


High plasma hemoglobin (-M0 mg ^ r) 

days 

24 

\ 


Tnfatetion of tight ventricle 


25 


X 

Empvema (9th day) 


30 

\ 


Complication of pump o\y genntoi 


30 

47 

\ 

\ 

Postopeiafne hemonhage 

Postopeiathe liemoulmge (aoitotoiu ) 


43 


X 

Postoperative hemouliage 

6‘ w ooks o 

13 

\ 


Sacrificed at 8 weeks 

01 

20 

\ 


Sacrificed at t> weeks 

longer 

20 

\ 


Sacrificed at 14 weeks 

21 

\ 


Saeiifieed at 3 weeks 


23 

\ 


Empvema (6 weeks) _—.—— 

^One dog <>honed 
coronarj arter\ 

immediate 

bifui cation 

ami 

the othei immediate triplication of tde le 


24.7 per cent (ventricular fibrillation j during perfusion of the left^covonfri 
artery. After unelamping the aorta there is an additional fall to 21. < 
in the bypassed heart. The mean oxygen consumption ol the entire henit < u ~ 
left coronary artery perfusion was 2.54 ml. per 100 Cfm. heart weight pei an 
in normal sinus rhythm and 2.74 ml. per 100 (4m. heart weight pei minute 
ventricular fibrillation. In Fig. 2 the results of this investigation aic ^ 
with the experimental coronary perfusion studies of otliers in the 0 ^ ^ 
passed, nom\ orking heart" and in the nom\ ovking heart separated l0n ^ 
body as an isolated preparation.' The results under these three com limn 
essentially the same during adequate coronary perfusion. 

Electrocardiographic studies in this investigation demonstrated ihA ^ ^ 
coronary perfusion u as inadequate, during the open aortotomy, eucene^ 
myocardial ischemia was present throughout the perfusion penof an ^ 

persisted until the death of the animal. When adequate coronary pei u ^ 

maintained, houmer, men during periods of ventricular fibril atmii‘ " a< , 

aorta open, electrical defibrillation was usually immediate and pi 1 ^ 

vccoverv followed. None of the long-term sun nor animals dme P 
lar fibrillation or other significant arrhythmias during their invest i go mn. 
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DISCUSSION 

This study demonstrates several important factors which limit successful 
left coronary artery perfusion in the experimental animal, and the need for 
utilizing a special cannula tip to accommodate the dog's left coronary artery. 

Adequate left coronary artery perfusion was performed from a suspended 
reservoir which maintained a pressure above 74 mm. Hg. Jardetzkv and as¬ 
sociates 3 have shown that a constant perfusion pressure of 65 mm. Hg furnishes 
an adequate coronary flow, with an unaltered oxygen consumption for 3 hours, 
in the isolated, empty, nonworking, dog's heart with sinus rhythm. 


HYPOTHERMIA 

375* C. MEAN 32* C. 375* C. 



SINUS VENTRICULAR 

RHYTHM FIBRILLATION 


2—Coionary arteno\enous oxygen diffeiences of this stud} aie shown in the middle 
h\n 0n are compared with results from the in\estimation of Willman et al. G (totally 
. passed closed heart) and studies summarized b> Gregg ; (isolated heart preparation). All 
hk*? * Ies m (io ^ heart Xormal sinus rhjthm is shown in solid black and \entricular 
oruiation by ci oss-hatcliing 

Continuous left coronary perfusion alone was performed from 15 to 60 
'"unites in this investigation without fibrillation. Shumway 3 has reported 
similar results during 15 minutes of left coronary artery perfusion. Wo found 
during prolonged periods of ventricular fibrillation, with adequate left coronary 
artery perfusion, that electrical defibnllation was immediate and cardiac re¬ 
covery prompt. These findings have been substantiated clinically and apparently 
cntricular fibrillation during an open aortotomy is not harmful, providing the 
coronary vascular bed is adequately perfused. 

The mean coronary arteriovenous oxygen differences (using animals of 
lll)0l *t equal size), during adequate left coronary artery perfusion at an average 
temperature of 32° C\, were the same in the presence of ventricular fibrillation 
ora normal sinus rhythm (Fig. 2). Willman, Neville, and Hanlon' 1 reported 
s'lmlar values in the normothermic, nonworking, bypassed, dog's heart without 
oortotomy; both coronary arteries were perfused normally in their invest i"a - 
t'on. Gregg's 7 summary of studies in the normothermic, isolated, nomvorking, 
'mime heart with sinus rhythm showed the coronary arteriovenous oxygen 
' lft<M-enec t0 be approximately the same as the open, nonworking, left coronarv 
I'ertUsed hearts during sinus rhythm of this investigation (Fig. 2) 
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The myocardial oxygen consumption during left coronary artery perfusion 
of the nomvorking, open heart, in tliis experimental, study, was the same with 
fibrillation or normal sinus rhythm. Beuren, Sparks, and Bing s found no 
statistical difference, in the closed chest dog, between the oxygen consumption 
of the artificially perfused, empty heart during sinus rhythm or ventricular 
fibrillation. 


SUMMARY AND CONCLUSIONS 

1. Continuous left coronary artery perfusion alone may be performed for 
prolonged periods through an ascending aortotomy without ventricular fibrilla¬ 
tion. This procedure is frequently limited by the anatomic variations of the 
dog’s left coronary artery. 

2. Arterial perfusion which provided a total coronary venous return of 
40 ml. to 50 ml. per minute was adequate in the nonworking heart with a" 
ascending aortotomy. 

3. Coronary artery perfusion from a suspended reservoir at a constant 
pressure of 74 to 80 mm. Tig was preferable to arterial perfusion from the 
pump, although both methods were used successfully. 

4. Coronary arteriovenous oxygen differences and oxygen consumption m 
the nonworking dog’s heart, during left coronary perfusion through an aoitot- 
omv, were approximately the same with normal sinus rhythm and ventvicu av 
fibrillation. 

5. The long-term survivor animals did not develop fibrillation during then 
investigation. However, in other dogs, when adequate coronary artery peifusion 
was maintained during periods of ventricular fibrillation, electrical defibrination 
was immediate and cardiac recovery prompt. 

G. The most important single factor contributing to cardiac recover} duinir 
an open aortotomy in this investigation was continuous adequate coronai tj 
fusion, irrespective of variations in temperature, cardiac rhythm, and f' c 
method or duration of perfusion. _ ^ 

7. Clinically left coronary artery perfusion, performed from the arteua 
line of the pump through an ascending aortotomy, has proved very satisi'actoi} 
regardless of the duration of perfusion. In the experimental animal, piolmL 0 ' 
left coronary artery perfusion may be a complicated procedure and is c 1 
to execute consistently with success. 

Wo wish to express our appreciation to Mr. Thomas Perry, Mr. Eugene taiga, 
Mary B. Garrard, and Mr. Boyd Perry for their technical assistance. 
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T he development of intraeardiac surgery for the correction of human con¬ 
genital cardiac defects has been so rapid as to outstrip the available knowl¬ 
edge from the experimental laboratory concerning the long-term fates of the 
intraeardiac procedures performed. This communication presents the results 
of our initial characterization of the growing pig preparation which we feel 
gives equivalent long-term results very rapidly. In this preparation all cardiac 
and vascular diameters double in a 6-montli period of maturation, “degenera¬ 
tive” calcific changes occur in or around implants during this 6-month period, 
and this preparation has proved to be a very sensitive indicator of aberrations 
in the outflow tracts of the ventricles and great vessels. 


.-method 


Left Ventricular Studies. —The present report includes 209 pigs bearing 
5.5 cm. long, isodiainetrie grafts of various materials which replaced resectional 
defects of the descending thoracic aorta. These grafts were implanted at pig 
body weights of from 14 to 44 pounds (10 to 12 weeks of age). Pig' s ’ fteiC 
allowed to mature for 6 to 12 months to be slaughtered at an average body weight 
of 235 pounds. At slaughter, the heart and thoracic aorta were removed h 0111 
each animal; the aorta containing the graft was x-rayed after inflation with an 
at 120 mm. Hg- pressure. Details of the fates of these grafts will he publishes 
elsewhere. 5 Measurements of infernal diameters were taken from the roent¬ 
genograms: graft diameter used was the minimum internal diameter while the 
distal aortic diameter used was the largest diameter between the distal end o 
the graft and the first patent intercostal artery. In the stenotic grafts, l ms( - 
stenotie dilatation was corrected for as shown in Pig. 1. The hearts oi then 
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same animals were trimmed in the fresh state as follows: the right ventricle was 
cleanly excised from the atrium at the tricuspid valve ring and from the ven¬ 
tricular septum and included that portion of the pulmonary artery bearing the 
sinuses of the pulmonary valves: the left ventricle included the ventricular sep¬ 
tum but excluded the entire aorta and atrium at the aortic and mitral valve 
rings, respectively. The cavities and muscular trabeculae were cleaned of all 
thrombi and each ventricle separately weighed. Good reproducibility of this 
ventricular trim technique in our hands is demonstrated in Table I and has 
independently been reported by Busch- as a valid technique for studying the 
human heart. 


Table I. Yextsktlar Trim—Normal Apo-T Pig Heart 


OBSERVES 

i, XCMBET. OF HEARTS J 

MEAN BY LY 

STANDARD DEVIATION 

S.A.WU 

6 

33.5<7 

— LSUr 

S. A. W.* 

IP 

31.9<7 

: l.'G 

K. E. K** 


33.7^7 

Z 1.60 

A L. 

11 

34.0y 

r 2.0 <7 


•Trimire*! all hearts in remainder of study. 

** Author. 

***Ora*Iuate Xurse Research Assistant. 



r* of the method for correction of diameter relationship in the presence 

rf dilatation. The dotted lines represent the normal aortic taper in the absence 

•IisrAi? •*' is * or enotic dilatation. Conectel percentile patency, therefore, is equal to 

—~ -eie. at I / diameter at 2 Xl'.'O i>er cent. 


ffig/if T (utricular Studies .—This report also includes 11 other pigs in which 
( ‘ ne 01 tour different right ventricular outflow tract aberrations was created at 
l - e s ' a!K ‘ : ’.rd pediatric age: 2 pigs had simple resection of one pulmonic valve 
\‘'9 usin g a partial occlusion technique: 2 pies had simple elliptical excision 
'' Portion of the infundibulum. one pulmonic valve cusp and sinus with simple 
‘."' Jre al 'd bieuspidization of the pulmonic valve ttsing a partial occlusion tec-h- 
titMto- ;h e average systolic- gradient produced by this degree of stenosis at 
Gration was found to be S nun. He: 2 animals bad simple elliptical excision 
alxue and replacement of the exeisional defect with an isometric Ivalon patch 
v (‘"inpression ratio: the remaining •"> animals had elliptical excision with 
- mic-iNe replacement of the exeisional di-fcct with autolognus fibrous peri- 
■.riiruni. Patch replacements were accomplished using moderate depth im- 
rs ‘ on hypothermia and Inflow-ocelusion for 3 to 5 minutes; these patches 
'-•‘raced 2.7 by 2.0 cm. ax implantation. These animals were allowed to mature 
e;. slaughter, the bean was removed. x-rayed in the anteroposterior 
^ a ' , ' ra * projections with the pulmonary artery and right ventricle inflated 
;„7 r ‘ Ir nt a pressure of 30 mm. Hg. The ventricles were individually trimmed 
titrhed as above. 
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T he development of intracardiac surgery for the correction of human con¬ 
genital cardiac defects has been so rapid as to outstrip the available knowl¬ 
edge from the experimental laboratory concerning the long-term fates of the 
intracardiac procedures performed. This communication presents the results 
of our initial characterization of the growing pig preparation which we fed 
gives equivalent long-term results very rapidly. In this preparation all cardiac 
and vascular diameters double in a 6-month period of maturation, “degenera¬ 
tive” calcific changes occur in or around implants during this 6-month period, 
and this preparation has proved to he a very sensitive indicator of aberrations 
in the outflow tracts of the ventricles and great vessels. 


METHOD 

Left Ventricular Studies .—The present report includes 209 pigs bearing 
5.5 cm. long, isodiametric grafts of various materials which replaced resect 1011 a 
defects of the descending thoracic aorta These grafts were implanted at pig 
body weights of from 14 to 44 pounds (10 to 12 weeks of age). V’gs neie 
allowed to mature for 6 to 12 months to be slaughtered at an average body veig h 
of 235 pounds. At slaughter, the heart and thoracic aorta were removed tiom 
each animal; the aorta containing the graft was x-rayed after inflation with an 
at 120 mm. Hg pressure. Details of the fates of these grafts will he publisiec 
elsewhere, 5 Measurements of internal diameters were taken from tlie icent 
genograms: graft diameter used was the minimum internal diameter while t w 
distal aortic diameter used was the largest diameter between the distal eiu <> 
the graft and the first patent intercostal altery. In the stenotic grails, pos - 
stenotic dilatation was corrected for as shown in Fig. 1. The hearts of t iese 

TBVom the Department of Snrgerj. S*atc University of Ne« York Hospital 

Kmcl countv Hospital. Brooklyn, the Department of Surgery, ChiUhens 

ge °"^ H-3886# H-3286(SJ )■ 

an<1 Remfafthc Fortieth Annual Meeting of The American Association for Thoracic BuneO 

at ^TlurdTes^ Scholar! American College of Suigeons 

“Markle Scholar in Medical Science 
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same animals were trimmed in the fresh state as follows: the right ventricle was 
cleanly excised from the atrium at the tricuspid valve ring and from the ven¬ 
tricular septum and included that portion of the pulmonary artery hearing the 
sinuses of the pulmonary valves; the left ventricle included the ventricular sep¬ 
tum but excluded the entire aorta and atrium at the aortic and mitral valve 
rings, respectively. The cavities and muscular trabeculae were cleaned of all 
thrombi and each ventricle separately weighed. Good reproducibility of this 
ventricular trim technique in our hands is demonstrated in Table I and has 
independently been reported by Busch 2 as a valid technique for studying the 
human heart. 


Table I. Ventricular Trim—Normal Adult Pig Heart 


OBSERVER 

| NUMBER OF HEARTS | 

MEAN KV/l.V 

| STANDARD DEVIATION 

S. A. W.* 

6 

33.5% 

± 1.8% 

S.A.WA 

19 

31.9% 

± 1.8 % 

K. e. K.** 

12 

33.7% 

± 1.0% 

A.L. S.*** 

n 

34.0% 

+ 2.0% 


•Trimmed all hearts in remainder of study. 
••Author. 

•••Graduate Nurse Research Assistant. 



1.*—Diagram of the method for correction of diameter relationship in the presence 
Jf Pyst-stenotic dilatation. The dotted lines represent the normal aortic taper in the absence 
Xj-**! * 0S1S or Post-s enotic dilatation. Corrected percentile patency, therefore, is equal to 
« meter at 1 / diameter at 2 Xl00 per cent. 


Right Ventricular Studies .— 1 This report also includes 11 other pigs in which 
one of four different right ventricular outflow tract aberrations was created at 
ihe standard pediatric age: 2 pigs had simple resection of one pulmonic valve 
cusp using a partial occlusion technique; 2 pigs had simple elliptical excision 
of a portion of the infundibulum, one pulmonic valve cusp and sinus with simple 
closure and bicuspidization of the pulmonic valve using a partial occlusion tech¬ 
nique—the average systolic gradient produced by this degree of stenosis at 
operation was found to he 8 mm. Hg; 2 animals had simple elliptical excision 
as above and replacement of the cxcisional defect with an isometric Ivalon patch 
ol 3;1 compression ratio; the remaining f> animals had elliptical excision with 
isometric replacement of the cxcisional defect with autologous fibrous peri¬ 
cardium. Patch replacements were accomplished using moderate depth im¬ 
mersion hypothermia and inflow-occlusion for 3 to 5 minutes; these patches 
averaged 2.7 by 2.0 cm. at implantation. These animals were allowed to mature 
(ns above). At slaughter, the heart was removed, x-rayed in the anteroposterior 
mul lateral projections with the pulmonary artery and right ventricle inflated 
" ,(h nil ; at J1 Pressure of 30 mm. llg. The ventricles were individually trimmed 
and weighed as above. 
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Fig 2 —a Graph which plot*; percentile RV/LV weight ratios tor \arious right -ventricular 
outflow tract abei rations Controls aie C pig** with no cardiovascular lesions P V 12 r: lcu^n 
pulmonic \al\e resection /? 1 / = I\aIon patch m right \entncular outflow tract. FTP — 
free autologous peucaulial patch in right \entncular outflow tract PT S = elliptical excision 
of one cusp of pulmonic \al\e with bicuspidization of remaining \al\e The solid black lines 
in the controls represent \alues of ±1 SD whereas the dotted lines lepresent \alues of -1 ® u 
foi the entue group of pigs with light \entuculai outflow tract aberrations Note that there 
in no o'* erlap of the two sets of standard dexiation*? 

b Graph which demonstiates the percentile incieases o\er control \alues of the weights 
of the right \entricle left ventricle and total bod\ in pigs bearing free pericardial patches re 
placing elliptical excisions of one pulmonic-vahe cusp Vll control and RYP pigs were mature 
at the time of ‘slaughter the pelicardial patches had been inserted at 12 weeks of age 



A. 


B. 


C. 


D. 


E. 


F. 


Fig S—Lateral i oentgenogram 4 ? of the right ventricular outflow tract and mam pifl” 
nar\ arter\ of the heart 4 ? of pigs All pig*? were operated upon at about 30 pounds of weiP 
\ml all were mature (200 pounds or more) except m B (76 pounds) at death or vvirnri) 
Tract m B filled with Diodra*?t all others inflated with air at 30 mm He pressure A., 
adult Dig B Resection 1 cu<?p pulmonic \al\e note increased trabeculation of right v + 
r Elliptical excision of 1 cusp with bicusmdization of the pulmonic valve note preservation 
ca'mp decree of stenosis w ith grow th and post stenotic dilatation of pulmonarv arter’v nere a 
>n n n Elliptical excision with Ivafon patch replacement with de\elopment of slight «teno 
"Yh growth because o£ the mabilitj of frrouth of the Italon patch, note al«o calcification oi 
ihp luilon patch xerifted b\ histologic examination E, Elliptical excision xxltli free Pcrlcarjli 
riatoh replacement with preservation of relatneh normal diameter relationships with grow W 
f sinie as E but with aneunsraal dilatation of pericardial Patch 
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RESULTS .VXD CONCLUSIONS 

There is a gross correlation between age and ventricular weights, but the 
ratio of the individual weights of the ventricles (RY LY) of all animals beyond 
-0 weeks of life was found to fall within the normal adult ratios listed in Table 
I. The RY/LY weight ratio was used, therefore, as the cardiac parameter to be 
studied. 

Right Ventricular Studies .—In all II animals with minimal right ventric¬ 
ular outflow tract aberrations there was a significant increase in the RY/LY 
weight ratio as summarized in Fig. 2. a: this increase was due to increase in 
the RY weight over control values as summarized in Fig. 2, h which also demon¬ 
strates that the ventricular changes are independent of body weight. Eight of 
these animals and the 6 control animals with no outflow tract aberrations were 



L—Roentgenograms of examples of graft stenosis at coarctation site. Specimens 
(0 ivV / 1 . a,r at 1 -mm Hg pressure f ppci. aortic autogiaft with 100 per cent patence 
graft uiti • Stono< os) Middle, prosthetic grart with .10 per cent patency. Loircr. prosthetic 
latter prostheUc 'gr^ ^collision or 0 per cent patencj Note the calcific changes within the 

•slaughtered between 5 to 6 months after operation. Three animals died as 
follows-. 1 with pulmonic valve regurgitation died of pneumonia IIS days after 
operation, another with the same lesion died of large bowel obstruction caused 
lceta * Prolapse at 134 days, and the third, with stenosis, died with congestive 
,ic " rt 36 days after operation. The gross changes in the right ventricular 

out flow tract are summarized in Fig. 3. Space does not permit the detailed 
1 ascription of these changes but suffice it to say that pulmonary valve stenosis 
or regurgitation of a degree considered to be clinically insignificant produces 
'‘'utricular changes easily detectable in the preparation of the growing pig 
"ithin a 6-month period of maturation. 
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Lejt Ventricular Studies .—In the 209 animals implanted with various kinds 
of isodiametric grafts to replace defects in the upper descending thoracic aorta, 
varying degrees of graft stenosis were observed to occur consequent to matura¬ 
tion. Examples of graft stenoses are shown in Fig. 4. The RV/LY weight ratio 
was proportionately lowered at graft diameters less than 50 per cent of the 
average adult pig aortic diameter at the standard graft site (Fig. 5). 'When the 
degree of stenosis was corrected for varying aortic diameter (and also for post¬ 
stenotic dilatation as shown in Fig. 1), the RY/LV weight ratio is shown to 
decrease at all degrees of stenosis, even at high patency values (graft diam¬ 
eter/distal aortic diameter), as demonstrated in Fig. 6, a. That the lowering of 
the RY/LV weight ratio is due to increase in the left ventricular weight below 
80 per cent graft patency values is demonstrated in Fig. 6, b. Indeed, below 
60 per cent patency there is a smaller and concomitantly progressive increase 
in the right ventricular weight. This rise in right ventricular weight is of a 



Fig. 5.—Graph which plots percentile weight RV/LiV against minimal kraft r 

From simple observation of these data it would seem that there is no aberration ol “w ' of 

weight ratio until the stenosis is less than 10 mm. which apparent!}' is about 
the normal aortic diameter at this site. 


lower order of magnitude than the left ventricular rise and may well ho due to 
an elevated end diastolic left ventricular pressure (and therefore elevated pul¬ 
monary circuit pressure) consequent to left ventricular hypertrophy. It w 
sufficient to the purposes of this communication, however, to point out that tlieie 
are easily detectable effects upon the heart of even mild degrees ot stenosis oi 
the outflow tract of the left ventricle even at some distance removed from tin 
aortic valve, such as in the upper descending thoracic aorta. Tlie.se changes 
with growth of the animal can lie detected within a 6-month period ol obsena- 
tion. 


DISCUSSION 

"What is the significance of aneurysm formation of autologous pericardium 
implanted into the outflow tract of the right ventricle.’ In the pig the fibrous 
pericardium is much more flimsy than in the dog and human being. u ' s 
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demonstrated by tlie fact that free autologous pericardial implants used to re¬ 
al,tee thoracic aortic defects in the growing pig" rupture within a week after 
operation, whereas those in the adult dog 4 remain intact for periods of IS 
months or more without rupture or aneurysm formation. 

What is the significance of ventricular hypertrophy? Certainly lesions that 
ptoduce marked degrees of ventricular hypertrophy can be lethal and it would 
seem reasonable to assume that minimal degrees of hypertrophy are innocuous. 
Moderate degrees of ventricular hypertrophy, as found in this study, are well 
tolerated on short-term follow-up but we have no data as to the relationship of 



, ‘ ,j rr.et<, fn Grapl1 "Inch plot*, pcicentile weipht RV/L.V iiR-unst percentile patency -which 
Mi *n nnl«! ' ar5,n<r aortlc diameter distal to the site of «teno«iv With such correction. 
b rA, *7 ees steno<; is in the coarctation Mte art detected by the RV LV weight ratio 
''htcli plots percentile dewation from control \alues of \entncular weights 
*Uij;ht inrrTn 1 1 P*tUnc> of graft*. at the coarctation site Note that the left \entnculnr 
*n \ nt ®*\ at 'alues below ^0 per ctnt and that a smaller percentile mcrca*e 

♦ nxricular weight occurs at patincy \allies below R0 per cent. 

) Wdte ventricular hypertrophy to hmuc\it\ or to incmiM'd susceptibility to 
~ ln,i l’cctoris on lomr-term tollow-up Without entcrimr into a discussion of 
Uk.i] ])hilosophy. the procedure which lead*, to loss ventricular hypertrophv 
11 ' he the preferahh*. ft is suiruestod that choice of intracardiac procedure 
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could be accurately and rapidly screened in the growing pig preparation and, 
thus, accelerate the progress of intracardiac surgery. 

What is the significance of calcification of Ivalon implants into the heart ! 
The report of Blumberg, Griffith, and Merendino 1 that Ivalon implants in the 
human can calcify, become rigid, and erode an aortic valve leaflet demonstrates 
that calcification of a prosthetic may be undesirable. The present communica¬ 
tion demonstrates that the preparation of the growing pig can detect calcific 
deposit in prosthetic cardiac implants within a period of 6 months. 


SUMMARY 

1. Lesions simulating clinically minimal pulmonic stenosis, pulmonary vahe 
regurgitation, and right ventricular outflow tract widening, using patches of 
Ivalon or autologous fibrous pericardium, have been produced in growing pigs- 
The pigs were allowed to mature. 

2. In a large series of growing pigs, defects of the thoracic aorta veic 
bridged, using various graft materials. At maturity these grafts were fount 
to be variously stenosed. 

3. The right ventricular weight and RV/LV weight ratio were found to ic 
moderately elevated over control values in all of the mature pigs hearing minima 
right ventricular outflow tract aberrations. 

4. Ivalon implants in the outflow tract of the right ventricle produced mi < 
stenosis with growth and attracted calcific deposit while free autologous finous 
pericardial implants formed aneurysms. 

5. Stenosis at the thoracic aortic coarctation site produced increase in c 

ventricular weight and decrease in the RV/LV weight ratio when ccmpaiec 
control values. These changes were observed when the stenosis was gieatci m' 
20 per cent. (Less than 80 per cent patency.) Lesser increases in light \en^ 
tricular weight were also observed at diameter ratios less than 60 pei cent, 
latter increases did not correlate with differences in age or body weight o 
animals. ■ 

6. It is concluded that the growing pig can be used as a sensitive picpM^ 
tion for the rapid screening of the comparative hemodynamic effectiveness im 
expected clinical worth of cardiac and thoracic aortic surgical procediucs. 
further suggested that, in addition to such screening, certain othei species 
transferable data, such as calcification of cardiovascular implants, can )c con 
comitantly gained. 
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Discussion 

(Papefs by Berman [page 635], Long [page 610], Smyth [page 653], Gilbep.t [page 
607], Takaf.o [page 673], Littlefield [page 6S5], Vesolowski [page 692], .and their 
associates) 

DR CHAELES BOSS, Buffalo, X. V —The use of nitrogen mustard in the manage 
ment of bronchogenic carcinoma has been studied for the last 2% rears by a cooperative 
group There were 22 investigators participating in this studv 

The nitrogen mustard was given at the time of surgery, initially in a dose of 0.1 mg ; 
later, when the study became a double blind studv, in the amount of 0 3 mg /Kg 

The complications were higher The mortality rates were identical m the two groups. 
Tin-, slide is a life table analvsis of survival, and the 2(A rear survival is 30 per cent. 
There is identical survival in the treated as well a« the control group 

So we can surmise that nitrogen mustard u«ed in tins fashion will not prolong survival 
m the surgical treatment of Inonehogeme carcinoma 

DB PAUL XEMIB. JB , Philadelphia, Pa —It is our opinion too that this method of 
regional perfusion is a reasonable one in nonreoeetable carcinoma of the lung, and have had 
occasion to u=e it 

[Slide] This slide is of n 60 tear old man with undifferentiated carcinoma of the 
right lung and mediastinal metasta«es Me gate this man 0 4 mg./Kg of nitrogen mustard 
ln 33 nil with 4 mg of Benografin, and kept the balloon oecluded for a period of 12 minute' 
On tin' film, taken at 7 minutes aftei the administration of cancericidal agent, vou can 
'till sec the contrast material in the lung vaseulatuie 

The patient experienced an extreme hot flush on the right «ide of the che't during the 
Pnod of occlusion As soon as the balloon was deflated, he experienced the generalized hot 
fl U'h that one gets with nitrogen mustard in a single dose. While there may bate been slight 
6Mage, we consider this supporting e'idence that the cancericidal agent remained fairlv 
"ell localized for a period of 12 minutes 

It ha' now been about 3 weeks since the perfusion We believe that there has been a 
definite regre"ion in the size of the le=ion in the lung, but we have run into the same difh 
cult\ that Dr Snnth reported 

[Hide] This the client film taken 4S hour? after perfusion You can see the chemical 
Pm union iti" that ha* occurred in the n<xht lower lobe Thi^ lias been clearing, but what the 
rm-1 ' status will he, we don't know 

are in the nnd«t of studying expeiimentallv the effect of taneericidal agents on the 
''•"'Is X think that it is encouraging that there ha' been some decrease in the size 0 f the 
1 '><m m the lung 

DB HABBIS B SHUMACKER. JB , Indianapolis. Ind—Although I hate had no 
JPportunitj climcalh to utilize grafts from the right ventricle to the pulmonary artert, 

I bought: vou might be interested in an unusual case in which a graft was interpolated 
'tween the pulmonary trunk and one main pulmonarv artert. 

Dus "as a case of an 11 month old child who had done vert bndlv. He had episodes 
j ln, ermitteiit evanosis and vert poor weight gain During hi' admission to the hospital 
" °'t "eight in spite of the best niodnul treatment. X rat studies show ed evidence of 
s' '“ntnculnr hypertropln and im rouse in pulmonarv va'culature 
(|f T,1( ‘ fir " t catheterization studv had to be carried out with continuous administration 

^ °t'gin. and was not entireh satisfactory. but a subsequent one was more satisfactory 

’ “ '“'Olid c ithetenzntion tlie femoral arti rv ' miration was only 5 2 per cent without 



700 


THORACIC SURGERY FORUM 


J Thoracic and 
Cardicna* Sire 


oxygen, but lose to relatively noiinnl letels with administration of oxygen The pressure 
in the pulmonaiy trunk was equal to that in the aoitic aich The left main pulmonan 
aitery arose from the pulmonary tiunk, the right fiom the aoitic areli, and time was a 
laige patent ductus with generous angiogiaphic leteisal of flow These anomalies were 
demonstiated by eine angiogiaphy. 

At operation the teiy laige light pulmonan aiteiy was detached from the aortic 
tiunk, and a Dncion graft was mtcipolated between the side of the pulmonan tiunk and 
the light main pulmonaiy aiteiy This went snioothlt It was done as a clcsed procedure 
and the lesults so fai hate been tery gratifying. P 1101 to opeiation the patient weighed 
1414 pounds When seen 5 weeks latci, symptoms had disappeaied The child seemed to he 
quite well, and had gained 4% pounds during the 3 weeks’ time The child will he re 
eathetonrod within the next few weeks 

This case demonstiates that it is possible to obtain a good iesult with a plastic 
prosthesis to the pulmonan aiteiy 


DR THOMAS C MOORE, Indianapolis, Ind—We became interested in the problem 
of pulmonaiy aiteiy replacement following the mteiesting papei which was piesentcd before 
this Association 2 yeais ago by Robinson and his associates Since that time we lint c if placed 
the pioximal left pulmonan artery 111 50 animals, utilizing a rauety of giafts tie hate 
used fresli autogenous systemic arteiy, fiesh autogenous sistemic tern, and crimped Teflon 
vasculai giafts The patency m all has been quite satisfacton 

The animals hate been obsened fiom 6 to 301 days following operation Ten of U 
systemic aitenal giafts lemamed patent Setenteen of 10 tenous giafts lemamed patent, am 
16 of 17 Teflon giafts lemamed patent 

The patency has been eneouiaguig to us, and has been substantiated by oui ob'cnntiou 
with anothei typo of leplaeement 111 the supenoi tena cata, in which we hate carried ou 
78 giafts, using sizes significant!! smallei to sigmficantlt laigei We hate encounterci 
a patenct of 86 pei cent 111 the last 50 consecutite grafts We hate also found that a 
of those which lemamed patent past an emit cntical penod tended to icmain patent 

We also hate earned out opeiatious similai to those repoited by Dr Gilbeit, employing 
Teflon giafts fiom the pulmonan aiten to the light tentncle Tins has been employe 
in 12 animals, and the patency has not been quite as satisfacton as his We hate encounters 
giaft occlusion 111 light tentriculai anastomosis in a numliei of animals 


DR ADRIAN KANTROWITZ, Biookhn, N Y— Dui mg the summei of WoO I 
an oppoitumty to tisit the fiist thoiacic suigeiy hospital 111 Moscow, and, subsequent to 
Di Ixolyesinkot, who is the Directoi of this unit, sent me a stapling dome which tt.i 
signed to staple the auneulai appendage I thought it might be of some niteiest to 
what this dot ice looks like 

I hate a shoit 2 minute nione which I would like to show [A film was started] 

The instiument comes in this wooden box, which is plush lined, and consists of sta. 
pmts the staplci itself, a container with two extia magazines, and a small box tihic-h e° 
tains the tantalum staples The staples aie small and shaipened Thet measuie a> 
mm bt 4 mm The two extia magazines me identical, and it comes apait ten S1I "I 

like 11115 1 a hance 

Fust the dming nut is placed on one end of the jaw Tins is the stap e .< • ^ 

apparatus The second pmt of the yaw snaps into position, and the handle lust sim 

clicks into place ^ 0 f 

The magazine, eontaining two lines of eight staples, is stmplt fixed, on oiu, 
the yaw, and then by simply squeezing the handle the staples aie put into position 

Here, demonstiatmg on a small piece of gauze, the jaws aie closed and the 'tap c 
dnten home Here is the double ion of staples, and tins is the obier'e sale, nnc 0 

inside, one can see a nice seal s( 

This is a patient 111 which we had just completed doing a commissurotomy , C(1 

apparatus is placed just below the Satiii'kt clamp, and the yaw is adtanccd, the 'a e . 
is opened, and the jaws closed 
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Here you can sec the double row of staples placed at the base of the left auricular 
appendage. 

DR. KlYOSHt IXOKTJCHI, Kyushu, Japan.—I am very interested in Dr. Tnkaro's 
speech, since several years ago I also worked out a device on the mechanical suture of blood 
vessels. This involved the multiple stapling of everted vessels with special steel clips. A 
description of my end-to-end apparatus was published in the Archives of Siirtirrv in 195S. 

[Slide] Last year I devised a side-to-end apparatus and successfully applied it to 
■ patients during splenorenal shunts. 

[Slide] Later I constructed another type which is specifically applicable and con¬ 
venient for end-to-end anastomosis of large vessels. It is of a different type from that de- 
suiln'd by Dr. Takaro. 

[Slide] Some people may be suspicious that the device is only good for laboratory 
experiments, and that it would be hardly applicable to clinical cases. However, I disagree 
with such an opinion because of my previous experiences. In long-survival experiments in 
13a dogs, there were only three failures from thrombosis. There was none from anastomotic 
insufficiency. 

The results from grafting of a small artery-, as shown here, showed only two failures in 
34 cases, in contrast to the results from the use of the manual suture, in which there were 
eight failures in 15 eases. 

[Slide] Homologous vein transplantation of the portal vein showed no failures in 9 
•ases. while there were 4 cases of failure in ten instances when the manual suture was used. 

[Slide] So far. I have used my end-to-end stapling device in 22 patients with satis¬ 
factory results. Particularly. I should like to point out that the apparatus was also applied 
1,1 sclerotic, thickened vessels, without many technical difficulties or mishaps. 

I believe that a well-designed multiple stapling device can overcome the difficulties in 
patients with the manual suture, and that it is able to make a good contribution to vaseular 
surgery. 


DR. HEXRY T. B ARM POX, Baltimore, Md.—We agree with Dr. Littlefield that coro- 
narv perfusion is good and necessary. Even when using hypothermia, we continue to use 
Krfudon lest we fall into the same trap as tin* band wagon of potassium citrate from which 
mo-t of us have recently alighted. 

It is difficult to transfer conclusions from the dog to man. because of the very small 
site of the right coronary- artery. lYe believe both arteries should be perfused in the human 
h'ing. This is more trouble [slide] than not perfusing them, obviously. 

Be have found that the catheters shown here are the easiest of the several types that 
' e have used. Wo continue to use perfusion cannulas like the one that Dr. Littlefield showed, 
••■ter the suggestion of Dr. Muller. In most instances, however, this catheter, patterned after 
Dr. Starling used in coronary perfusion many years ago, has worked satisfactorily. 
Thcc have metal tips on them pill- a small balloon and a plastic catheter. 

They are relatively easy to insert and are held in with a suture. The balloon is inflated 
. ! " : 'h'ie, and when the catheter i' removed, thi- is deflated. We have used them for 
1 nods U p t0 S(1 aiinutes with good maintenance of cardiac tone and resumption of cardiac 
n ntUy when the circulation is restored. 


j ! Hl, le] We have used this particularly in regard to cusp replacement, although thov 
also |i ern us0 ,l in valvuloplasty and removal of calcium from the aortic leaflets. This 
the method of making the cusps which we have used. This is Teflon fabric formed 

ti7 11,0 knin '" 1 faI,ri '' lu ' n,0,i to 500= F- the plastic assumes the shape pf 

' and one ends up with a cusp like the one shown in the next slide 

f,.. W " 1,av *‘ tr ”’' 1 ri T’ a, ' c !l11 ''"M's ^ a single patient, without success 

"I our difficulties has been. 1 believe, in determining the proper size of these cusps. It 
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is much simple] when only a single rusp is < ontemplated, and uc behexe in many instance', 
if not most instances, use of a single cusp will probably cairy the patient along at lead 
until oui technical adxances catch up with the patient’s disease 

We hare used these 111 4 patients. With 3 there has been diamatic iinproxcmcnt The 
fourth patient died a week latci oi a niyoeaidial infaietion. 

The end result looked veiy muili like the silu one coated cusp which Dr. llufnngel 
showed It was moie flexible than the adjacent cusp, on which we had done a xalxulopladx 


DR, CHARLES P. BAILEY, New York, N. Y.—Perfusion of two coronaries is generally 
better than that of one. Howcxer, there is a gieat xanation in human cases, and, in some, 
the niteicoronary collaterals apparently may sene us well, as 111 cases in which there is 
difficulty m eannulating the right coronary artciy. 


[Slide] The right coronary aiterj sometimes bifurcates almost immediately after it c 
origin, so cannulation may bo difficult. This is the equipment we hare used, two polyethylene 
tubes with sponge rubber carrot like cuffs which aie inserted as shown on the next slide 

[Slide] The left coronary' cannula is affixed by an encircling purse string suture placed ^ 
within the aortic lumen; the right one by a suture passed externally' around the right eoronan 
artery'. We tried tubing and springlike deuces but bare come to not use them. Tirst, they 
get in the way' of the surgeon, and, second, if the aoitic incision is made close to the ngi , 
coionaiy ostium, a strong assistant holding a metal cannula may pull the coronary artery 


completely off the aorta This creates a xery difficult problem. [Laughter] 

Another tiling wo Jiaxe found is that flow rates requned in these cases are larger than 
one would expect. Naturally, these operations are performed for aoitic disease, usun . 
stenosis or insufficiency, and the heart is much larger than normal No doubt the coronary 
circulation is less adequate than usual. We bare found that a flow of 200 or c00 r f ^ 
minute usually is not enough for an adult at nonnothernne temperatures and have ia< 


increase it up to 1,000 c c per minute in some instances 

Studies on dead hearts in patients of this type, and studies at the operating table, 
suggest that the desired flow rate is infinitely xanablc and should be monitored by nieasurm 
the picssuic within the coionary artery. This may be obtained by direct needle puncture-' 
as distally in the coionaiy tree, of course, as is feasible We think the coronary artery 
piessure should be kept at about the lex cl of the sjstemic arterial perfusion pressure 


urge that both coionaiics be used xxhcncxer possible. 

Howcxer, if there is a retrogiade perfusion flow of dark blood from the right corona^ 
ostium x\hen the left is perfused, that patient probably has good enough intercoronary 
laterals to get along, especially if the time of aortotomy is going to be reasonably short 
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the AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting: 

The Forty-first Annual Meeting of The Am erican Association for Thoracic 
Surgery will be held April 24, 25. and 26, 1961. in Philadelphia. Pennsylvania. 
Headquarters will be the Sheraton Hotel. 


Requests for Hotel Reservations 

These should be mailed directly to Air. Brian Kirby, Reservation Manager, 
Sheraton Hotel, Philadelphia 3, Pennsylvania. Please mention this Associa- 
hon, the type of accommodation desired, the date, and approximate hour of 
ar nval and departure. If accommodations are desired elsewhere please com¬ 
municate directly with the hotel of your choice. 


Material for the Program 


Scientific Papers. —Abstracts of all papers proposed for presentation at 
e 1961 meeting must be received on or before November 15, 1960, otherwise 
e - will not be considered by the Program Committee. These should be 
a eled “For Thoracic Surgery Forum’’ or “For Regular Program” depending 
u Pon the nature of the subject matter, in the same manner as in previous 
-'ears. They should contain from 200 to 250 words that accurately reflect the 
content of the completed paper. 


. Kix ’ repeat, six clearly legible copies of each abstract must be sent to Miss 
- a Hanvey, Administrative Assistant, The American Association for Thoracic 
• urgery, 30S Carondelet Buildimr, 7730 Carondelet Avenue. St Louis (Clavton) 
°> -Missouri. ’ 


Essayists selected for the program are reminded that papers presented at 
. e meeting must be handed to the secretary immediately after their presenta- 

m°rn- -e I£ they are not read - v at tbat time there is a chance that they will not be 
Wished in The Journal of Thoracic and Cardiovascular Surgery. 
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Applications for Membership 

Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than November 15, 1960, otherwise 
the application will be deferred for consideration until the 1962 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signature on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 

Frank Gerbode, M.D. 

Chairman of the Membership Committee 
Presbyterian Medical Center 
San Francisco 15, California 

Sponsors are reminded that new letters of recommendation must be 
forwarded to the Chairman of the Membership Committee should their appli¬ 
cants be held over for reconsideration a second year. 
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Origina l Communications 


COARCTATION OF THE AORTA WITH PARTICULAR 
EMPHASIS UPON IMPROVED TECHNIQUES 
OF SURGICAL REPAIR 

George C. Morris, Jr., M.D. (by invitation), Denton A. Cooley. M.D., 
Michael E. De Bakey, M.D., and E. Stanley Crawford, M.D., 

Houston, Texas 


D uring the 15-year period since successful surgical correction of coarctation 
of the aorta was first reported, extensive experience with this lesion has 
provided the basis for new concepts of surgical repair. 5 ’ 10 Anatomic and 
physiologic variations of this congenital anomaly have received intensive study 
as a direct result of this surgical interest. 1 ’ 2 ’ 3> 9 ’ 12 - 13 ’ 11 ’ lc ’ 10 - - 2 Equally 
interesting in certain respects have been observations of acquired path¬ 
ologic changes resulting from abnormal hemodynamics produced by the 
coarctation. 8 ’ l7 ’ 1S - 20 ’ 21 Ideal technical correction of this disorder must, on 
the one hand, take into account anatomic variations in location and extent of 
the process to establish normal aortic hemodynamics and, on the other hand, 
treat any acquired pathologic changes, such as local arteriosclerosis and 
aneurysm formation (Fig. 1). When surgical treatment was first introduced, 
limitations were placed upon selection of patients for operation based upon n"e! 
length of aortic occlusion, presence of associated pathologic lesions, such °as 
atheromatous or aneurysmal disease, and other factors. In general, the primary 
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objectives of therapy have been removal of the lesion and restoration of aortic 
continuity. As emphasized previously, however, certain modifications in this 
concept have evolved, influenced largely by the pathologic variations in the 
disease. 0 Since the major problem in this condition is concerned with hemo¬ 
dynamic disturbances produced by the occlusive process, the primary objective 
of therapy is correction of these disturbances with restoration of normal 
circulation. This may be achieved in most forms of the disease by extirpation 
of the eoarcted segment with end-to-end anastomosis or with graft replace¬ 
ment (Pig. 2). In those associated with aneurysmal formation, extirpation of 
the lesion is essential. But in some of the more unusual types, particularly 
those associated with relatively long eoarcted segments or with severe arterio¬ 
sclerotic or calcific changes, the primary objective of therapy, that is, restoration 
of normal circulation, may be readily achieved by means of the bypass graft with¬ 
out removal of the lesion, thus avoiding some of the difficulties and hazards 
associated with excision and graft replacement (Pig. 3). In light of these 
observations this report is concerned until consideration of application of these 
concepts of surgical treatment and an analysis of our experience in a series of 
171 eases of coarctation in which they were employed. 

PROCEDURES USED 

End-to-End Anastomosis .—In general, direct suture, with establishment of 
aortic continuity after resection of coarctation, has been employed most com¬ 
monly for patients in the first two decades of life with short “adult” or post- 
ductile type stenosis (Pig. 4). The technique is now well standardized and 
does not require detailed general description. Following resection of the 
coarctation, further trimming or tailoring of the aortic ends should he pci- 
formed to provide the widest possible lumen at the point of anastomosis. Most 
commonly, a double-ended suture of fine silk or Dacron is started in the lateral 
posterior segment of the anastomosis and continued posteriori}' as an over-and- 
over suture placed from the inside or as a continuous everting mattress suture. 
The other needle is used to bring the continuous suture around laterally for com¬ 
pletion of the anastomosis. 

In young children it may be desirable to perform at least the anterior 
portion of the suture line in an interrupted manner to allow for future growth. 
Great care must be exercised in holding the occluding vascular clamps an 
placing the suture line because of the extreme fragility of the aorta and a 
jacent intercostal arteries. End-to-end anastomosis was used for aortic recon¬ 
struction in 89 per cent of children in the first decade of life and hi 63 per 
cent of patients between the ages of 10 and 20 years. Beyond the age of 2 
years, resection and direct anastomosis was employed in a minority of patien 
in each age decade of life (Pig. 5). 

Wedge Resection and Repair.—Occasionally, particularly favorable ana¬ 
tomic factors in young individuals with very short isthmic coarctations ma. 





I YR. P.O. 


' oirctaUon K<-e'n u' mim:''™! aorta is^ii'r^rhiHwed" sho " ln e anturj sms associate d iwth 
n. Dm Ins which shows relation of aneurisms to coarrtnUor, 

contour to — “««■ option »h«m,n B restoration 0 ^ 0 ^ arlCn - 

D, D-anlne- ^hlch «ho»s technique of aortic reconstruction ’ ' UmCn ^ 



Fig. 2.— A, Angioaortogram showing short isthmic coarctation in adult. 

B, Drawing which shows location of coarctation. 

C, Photograph made at operation showing placement of suture line for distal anastomosis 
between graft and aorta. Curved clamps have been applied in such a manner that wide 
anastomosis is possible after resection of coarctation. 

D, Photograph made at operation showing functioning graft replacement of coarctation. 
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make wedge resection laterally with direct repair a satisfactory technical pro¬ 
cedure. The suture repair is essentially similar to end-to-end anastomosis except 
that the posteromedial wall of the aorta in the stenotic area is not resected and 
forms one segment of the aortic wall opposite the suture line. Indications for 
application of this te chni que were uncommon in our experience as reflected 
by its use in only 3 per cent of 171 coarctations. 

Resection and Graft Replacement. —End-to-end placement of gTaft to 
establish aortic continuity has had four general indications in this series: 
(1) long coarctations of the so-called infantile or preductile type. (2) coarctations 



Fig. —Cont'd. E, Drawing which shows graft replacement of coarctation. 

F > Angioaortogram made following resection and graft replacement of coarctation 
non mg normal aortic lumen and contour. 


involving the aortic arch with stenosis extending proximal to the subclavian 
artery, (3) subisthmic coarctations involving the middle and lower third of 
the descending thoracic or upper abdominal aorta, and (4) any type of 
coarctation in which local degenerative changes made direct anastomosis 
hazardous. During the past 4 years. Dacron grafts have been used with extraor¬ 
dinary success. Graft repair minimizes necessary dissection of the distal 
aortic segment since a suitably curved vascular clamp may be employed to con¬ 
trol this segment and exclude the origin of the intercostal vessels' This ap¬ 
proach reduces hazardous dissection about fragile and diseased second mid 
t urd intercostal arteries (Fig. G). Similarly, a conveniently curved vascular 
damp may be applied proximally in such a manner as to exclude v-rvin- 
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TYPES OF BYPASS PROCEDURE 


EMPLOYED IN 


COARCTATION OF AORTA 


Fig 3 —Draw mgs w hich show types of bypass procedure emploj ed in coarctation of aorta 



p,„ 4_4 Drawing which shows short isthmie t>pe coarctation m young P a 

suitable for resection and end-to-end anastomosis showing normal 

B. Angioaortogram made after resection and end-to-end anastomosis sho . S 

aortic lumen and contour. 

G, Drawing which shows end-to-end anastomosis 
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portions of the concave segment of the transverse aortic arch. Tims, by in¬ 
cising the aorta along its concave excluded wall for subsequent graft attach¬ 
ment, hypoplasia of the transverse aortic arch may satisfactorily be corrected. 
After selection and tailoring of a graft of suitable diameter, the proximal 
anastomosis is first completed using a continuous over-and-over suture of fine 
silk or Dacron. The graft is then cut to the appropriate length and obliquely 
tailored for distal anastomosis with the post-stenotic aortic segment. Just 


INCIDENCE OF GRAFT UTILIZATION BY AGE DECADE 
IN 171 PATIENTS WITH COARCTATION 



AGE OECAOE 

Fig. 5.—Graph which shows incidence of gTaft utilization by age decade. 
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0 — Ij rai\Inc.* which compare extent of dis*ectlon usuallv nece«'arv for 
to-end anastomosis CupperJ and resection with graft replacement 
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before completion of tlie distal anastomosis, both proximal and distal occluding 
clamps should be momentarily released to flush the proximal and distal aortic 
segments. The distal clamp is removed first after completing the anastomosis 
This allows inspection of the anastomosis under lower arterial pressure and 
provides a few moments to place additional interrupted sutures if indicated. 
The proximal aortic clamp is very gradually released to minimize bleeding 
and avoid sudden reduction in arterial pressure. 

When the coarctation (or associated degenerative changes) involve the 
arch and the left subclavian artery must be isolated, it is usually desirable to 
establish aortic continuity first. The subclavian artery can be subsequently 
connected using a small exclusion clamp on the convex curve of the graft to 
facilitate anastomosis, either directly or by means of a side arm extension. 



Fig 7—Drawings which show technique of exposure for iesection of 'Stereos a j, 0%e 
aneurysms Coarctation initially exposed (a) and aorta cross-clamped and mviu se( j 

coarctation (b) With distal aortic segment elevated, intercostal aneurysms are eas > 
for resection (c) 

This approach reduces the period of aortic occlusion and provides attachment 
of the subclavian artery to the most desirable location on the graft, thus 
avoiding either tension or angulation. 

Aneurysms of the upper intercostal arteries require resection for satis 
factory surgical treatment. A technique which we have found of real ment 
in exposing and dissecting such intercostal arteries is application of occluding 
aortic clamps just above the coarctation followed by division of the aorta. 
Thus, with the distal aortic segment elevated, resection of aneurysmal mtei 
costal arteries is greatly facilitated (Fig. 7) 

Aortic Bypass .—The bypass principle is useful in certain unusual cn 
cumstances (Figs. 8 and 9). There are a number of general indications m 



> «Jiw a 7^ 1 * An P |oa <>rtopram «hu\wn? short I'thnnc coarctation in adult with corona-* 

Draw me which shows technique of b\pqcs praft from I* ft subclavian arter* to aorta. 

C, Drawing with superimposed operative photograph *=howincr jrraft bvpass. 

D, Anploaortogram made after operation showing funetionins bvposs crafL 
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before completion of the distal anastomosis, both proximal and distal occluding 
clamps should be momentarily released to flush the proximal and distal aortic 
segments. The distal clamp is removed first after completing the anastomosis. 
This allows inspection of the anastomosis under lower arterial pressure and 
provides a few moments to place additional interrupted sutures if indicated. 
The proximal aortic clamp is very gradually released to minimize bleeding 
and avoid sudden reduction in arterial pressure. 

When the coarctation (or associated degenerative changes) involve the 
arch and the left subclavian artery must be isolated, it is usually desirable to 
establish aortic continuity first. The subclavian artery can be subsequently 
connected using a small exclusion clamp on the convex curve of the graft to 
facilitate anastomosis, either directly or by' means of a side arm extension. 



Fig. 7.—Drawings which show technique of exposure for resection of •htercosta ^ove 
aneurysms. Coarctation initially exposed (a) and aorta cross-clamped and mviut. se( j 
coarctation (b). With distal aortic segment elevated, intercostal aneurysms are easi * 
for resection (c). 

This approach reduces the period of aortic occlusion and provides attachment 
of the subclavian artery to the most desirable location on the graft, thus 
avoiding either tension or angulation. 

Aneurysms of the upper intercostal arteries require resection for satis 
factory surgical treatment. A technique which we have found of real merit 
in exposing and dissecting such intercostal arteries is application of occluding 
aortic clamps just above the coarctation followed by division of the aorta. 
Thus, with the distal aortic segment elevated, resection of aneurysmal mtei 
costal arteries is greatly facilitated (Fig. 7). 

Aortic Bypass .—The bypass principle is useful in certain unusual cn- 
cumstanees (Figs. 8 and 9). There are a number of general indications 



Fie S—.1, Aneioaortoeram show inp short i-thmic coarctation in adult with coron ire 
rs .lisente 

B. Draw me which show a technique of bcpiss praft from Ir ft subclacnn artery to aorta. 

C. Draw inn with superimposed operatice photocr.iph showine eraft bypass. 

D. Angloaortopram made after operation showine funetlonine be pass prafL 






C D 

Fig 9.-— A, Angioaortogram showing long aiea of obliterative process ini oh ing descending 

thoracic aorta tfiphniouc 

B, Drawing -which shows location and extent of occlusne in\ol\ ement ana iccn 
of graft bypass 

C, PhotogTaph made at operation showing- bjpass graft 

D, Angioaortogram made after operation shoving functioning bypass graft. 









Vol. 40, No. 6 
December, I960 


COARCTATION OF AORTA 


715 


which application of this technique has appeared desirable: (1) situations in 
which resection of the coarctation may be hazardous, (2) poor-risk patients 
in whom this procedure facilitates expeditions surgical correction, (3) cases of 
long segmental involvement or multiple areas of stenosis, and (4) coarctations 
involving the lower thoracic and upper abdominal aorta. Appropriate ex¬ 
clusion clamps are applied to convenient segments of the aortic or subclavian 
wall proximally and the poststenotic aorta distally. With aortic blood flow 
essentially unaltered a linear incision can be made in the excluded segment 
for graft attachment. Proximal side-to-end anastomosis is completed first, 
followed by the distal end-to-side anastomosis to the aorta below the coarctation. 
Again flushing of the graft and gradual release of the proximal clamp is ad¬ 
vantageous. 


ANALYSIS OF CASES 


During a period of 8 years, surgical correction of coarctation of the aorta 
was accomplished in 171 cases. The series consisted of 108 males (63 per cent) 
and G3 females (37 per cent). The age distribution was rather broad, extend¬ 
ing from 19 children under the age of 1 year to 3 adults in the sixth decade. 
An analysis of age by decade has been compiled and reveals that almost half 
of these patients were over 20 years of age (Table I). Some of the clinical 
findings of particular interest are as follows. Hypertension in the brachio¬ 
cephalic distribution was observed in 87 per cent of the cases. Neurologic 
alterations as a result of hypertension were seen in 25 per cent and ranged 
from relatively minor and reversible opthalmologic changes to hemiparesis. 
Cardiac decompensation had occurred in 36 per cent of the cases. Roentgeno- 
"raphic evidence of rib erosion or notching associated with enlarged intercostal 
arteries was seen in 61 per cent of the 171 cases. Accompanying patent ductus 
arteriosus was present in 44 cases (26 per cent). 


TABLE Analysis of Age in 171 Cases of Surgically Treated Coarctation of the Aorta 
(number of cases in each age decade) 


1st decade 
2nd decade 
3rd decade 
1th decade 
■>th decade 
dec ade 
Totals 


NUMBER 


56 

3S 

26 

24 

24 

3 


171 


FER cent 


33 

22 

15 

14 

14 

9 


100 


■ , fic anatomic location of the coarctation was in the region of the aortic 
left" 1 " 8 ' U Cases II)- In 10 cases the stenosis began proximal to the 

li Sll ^ a '* nn ar terv and involved the aortic arch. In 9 instances the coarcta- 
low' * nes . ontc ^ dsclf in a subisthinic location, with 5 located in the middle and 
aorta *' lc clcsccn dmg thoracic aorta and 4 in the upper abdominal 

Not included in this series are an additional 15 cases with occlusive 
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processes produced by various etiologic factors with occlusion of the abdominal 
aorta between the renal and inferior mesenteric arteries. 15 Aortographic 
\ isualization to show level and extent of the coarctation seemed justified only 
in a minority of patients. This study is essential in patients with clinical 
eatuies suggesting coarctation in unusual locations and in older adults to 
c ciineate associated degenerative changes such as aneurysm. Reduced Wood 
pressuie in the left arm suggests involvement of the transverse aortic arch. 
Classical findings that suggest subisthmic coarctation involving the lower 
thoiaeie or upper abdominal aorta are absence of murmur or, when present, 
located at a lower level; absence of notched ribs or, when present, notching 
of only the lowest ribs; absence of latissimus pulsation and an increased propensity 
for lower extremity claudication. 


Table II. Coarctation of Aorta 
(anatomic location) 


LOCATION ) 

NUMBER 

PER CEST 

Isthmus 

Arch 

Subisthmus 

152 

10 

89 

e 

Descending thoracic aorta 


3 

Upper abdominal aorta 

4 

2 

Totals 

in 

ioo 


For purposes of analysis the type of surgical repair has been divided into 
four general categories. These divisions, together with the numbers in each, 
are as follows: end-to-end anastomosis 98 cases (58 per cent), wedge excision 
and suture 5 eases (3 per cent), resection and graft replacement 60 cases (35 
per cent), and bypass with a graft 8 cases (4 per cent). The high incidence 
of graft application (68 cases) reflects the relatively large number of patients 
in the third, fourth, and fifth decades of life with attendant local degenerative 
changes in the aorta. In eight instances the origin of the left subclavian artery 
was resected which required suture of this vessel to the side of the graft. 
Bypass graft without resection was used in one coarctation involving the trans¬ 
verse aortic arch, in 2 poor-risk adults with isthmic coarctation, in two sub¬ 
isthmic coarctations, and in 3 patients with upper abdominal coarctation. 

'1 here were eight operative deaths in this series of 171 cases for a mortality 
rate of 4.6 per cent. Two children with coarctation of the upper abdominal 
aorta and associated atresia of the renal arteries died of sequelae arising from 
renal failure and 1 of these patients had endocardial fibroelastosis. Two infants 
died with pulmonary insufficiency associated with ventricular septal defects. 
Delayed hemorrhage from rupture or tear of the aorta near the suture line 
caused one death and coronary occlusion was fatal in one other case. Trans¬ 
fusion reaction and mesenteric arteritis accounted for two deaths, respectively. 
Follow-up studies revealed an additional four deaths 6 weeks to 1 year after 
operation. Two were the result of coronary occlusion, one was due to infection 
in the suture line of an end-to-end anastomosis, and one resulted from un¬ 
known causes. 
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DISCUSSION' 


Experience in this series of 171 coarctations of the aorta appears un¬ 
usual because it includes a high percentage of challenging surgical problems 
in patients who may be placed in the following groups—infants, patients over 
•30 years of age, and those with anatomic variants. 2 * 11 There were 19 desperately 
ill infants under 1 year of age with intractable congestive heart failure and 
frequently associated cardiovascular malformations. Only two deaths oc¬ 
curred in this infant group for a mortality rate of 10 per cent and both deaths 
resulted from pulmonary insufficiency associated with lai*ge ventricular septal 
defects. Another group of patients pr*esented unusual anatomic problems re¬ 
quiring a variety of far from standard surgical techniques for operative cor¬ 
rection (Pig. 10). Two deaths in this group resulted from the anatomically 
and teclmically insoluble problem of diffuse bilateral renal artery hypoplasia. 
Finally, one of the most significant features in this series of surgically corrected 
coarctations was the liigh incidence of older adults. Forty-five per cent of 
patients were in the third to sixth decades of life. Two late deaths occurring 
m this group were due to coronary occlusion 6 weeks to 1 year after operation. 
Nonetheless the operative mortality of 4.6 per cent compares favorably with 
reports by others. 2 - 11 Although elimination of these various challenging groups 
of coarctations could provide us with an extremely low mortality rate, the 
gratifying salvage of most such patients has continually reduced the number 
°t patients in whom operative correction appeared contraindicated. 

Our experience with the Dacron graft during the past 5 years has 
Proved this material eminently satisfactory, not only for technical ease in 
handling during aortic reconstruction but. of more importance, for its long- 
term reliability. 7 It has maintained its tensile strength and lias demonstrated 


n ° instances of late degenerative complications, such as aneurysm formation 
rriiich is seen occasionally with honrografts and nylon grafts. Application of 
-rett reconstruction for aortic coarctation provides an almost limitless number 
01 variations in surgical technique to meet individual problems. In most 
-flubs, reconstruction with a graft offers replacemment of the coarctation with 
aor la of normal size and shape, thus reconstituting normal hemodynamics 
'Pig. 11). Probably the most significant factor in the liigh rate of graft appli- 
° n ’ u ol|r adult patients has been associated reduction in operative hazards 
"hh its employment. Dissection about the aorta may he greatly minimized and 
’resile intercostal arteries avoided. After applying suitably curved clamps 
^ exclude the area of coarctation, the process can he removed together with 
1 eased segments of the aortic wall and the aortic segments can he tailored 
Tioh to allow placement of a graft commensurate with aortic size. A 
x . C ? n ^ ar - V benefit derived from this approach is the technical facility with 
tiiiT' ^' e i )roce ^ ule enn i )C accomplished with significantly reduced operative 
j n ^‘ r ^ l0ro a PP ears now no justification for withholding- use of a graft 
’’ide UtS ^ ' tS em P*°-’ ment "'ill improve aortic reconstruction or provide a 
° r niar "in of safety. \Yc are now so confident of the long-term results with 









f-M 


hi 


jj 

Piff. 10— A, Drawing which shows unusual 

vocation of coarctation in trans\erse aortic 
Ang'ioaortogram which shon s coarctation not*, . * 

Drawing- which shows technique of aortic resect!™ i CaroU& and subc,a ' ,aI1 ar ‘ er,es 
. Angioaortogram made after operation which reconstruction wnth a graft. 

inch shows reconstructed aortic arch. 
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the Dacron graft that we have little reluctance for its use even in children, 
when indication appears justified. During the past 3 years, incidence of graft 
utilization has remained at a high level exceeding 50 per cent application in 
each year (Pig. 12). 


SUMMARY 

Previous limitations placed upon selection of patients with coarctation for 
operation based upon age, length of the aortic occlusion, and presence of 



A B 

* 11 l Photograph made at operation showing elongated isthmic coarctation 
t 'irc/atin > * l0t °i’ raI> * i thaile at operation which ^liows graft replacement after rejection of 
on anj «tdj ic^nt h\popln«tic aorta \ ith reconstructed acta of normal «ize and contour 


INCIDENCE OF GRAFT UTILIZATION 
BY YEAR OF OPERATION IN 171 
PATIENTS WITH COARCTATION 



*rajh ^ hlch «hou s Incid^rc^ of craft utilizitun In * nr < f op-r tti n in 171 
patients with c< trc*ntlon 
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associated pathologic lesions, such as atheromatous or aneurysmal disease, have 
been considerably altered by new concepts of surgical repair. 

The primary objective of surgical treatment for coarctation is concerned 
with the hemodynamic disturbance produced by the occlusive process. This 
objective may be achieved in most forms of the disorder by resection of the 
coarcted segment with end-to-end anastomosis or with graft replacement. 
In those associated with aneurysmal formation, extirpation of the lesion is 
essential. In occasional instances the bypass graft may he the treatment of 
choice. 

An analysis of 171 surgically treated patients with coarctation is pre¬ 
sented in which newer surgical techniques have been applied to meet a number 
of challenging problems. 


1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18 . 

19. 

20 . 


REFERENCES 

Broden, B., and Karnell, J.: Coarctation of the Aorta; Aortographic Studies Before 
and After Operation, Acta radiol., Stockholm 50: 1-61, 1958. 

Burford, T. H., Ferguson, T. B., Goldring, D., and Behrer, M. B.: Coarctation of the 
Aorta in Infants: A Clinical and Experimental Study, J, Thoracic StJRG. 33. 
47, I960. it , . 

Clagett, O. T., Kirklin, J. W., and Edwards, J. E.r Anatomic Variations and Pathologic 
Changes in Coarctation of the Aorta; A Study of 124 Cases, Surg. Gynec. & uos ■ 
98: 103, 1954. , , 

Cooley, D. A., and De Bakey, M. E.: Besection of the Thoracic Aorta With Replacemen 
by Homograft for Aneurysms and Constrictive Lesions, J. Thoracic Sur a. 

66, 1955; correction 29: 216, 1955. . , „ , 

Crafoord, C., and Nylin, G.: Congenital Coarctation of Aorta and Its Surgical I e 
ment, J. Thoracic Surg. 14: 347, 1945. . Tr 

De Bakey, M. B.: Presidential Address: Changing Concepts in Thoracic ' as 
Surgery, J. Thoracic Surg. 38: 145, 1959. 

De Bakey, M. E., Cooley, D. A., Crawford, E. S., and Morris, G. C., Jr.: '-Unreal 
Application of a New Flexible Knitted Dacron Arterial Substitute, Am. Surgcoi 
862, 1958. „ ,. 

Edwards, J. E., Christensen, N. A., Clagett, O. T., and McDonald, J. R-: Ea 1 

Considerations in Coarctation of Aorta, Proc. Staff Meet. Mayo Clin. 23 : 3-4. • • 

Ellis, F. H., Jr., and Clagett, O. T,: Coarctation of the Aorta Proximal to tne ^ 
Subclavian Artery - : Experience With Six Surgical Cases, Ann. Surg. 146: 14 > ' 

Gross, R. E., and Hufnagel, C. A.: Coarctation of the Aorta; Experimental 

Regarding Its Surgical Correction, New England J. Med. 233: 2S7, 1945; , 

Groves, L. K., and Effler, D. B.: Problems in the Management of Coarctation 

Aorta, J. Thoracic Surg. 39: 60, 1960. , , Aortic 

Gupta, T. C., and Wiggers, C. J.: Basic Hemodynamic Changes Produced by 

Coarctation of Different Degrees, Circulation 3: 17, 1951. f 

Hallenbeck, G. A., Wood, E. H., Burchell, H. B., and Clagett, O. T.: .Coarctation 

Aorta; Relationsliip of Clinical Results to Cardiovascular Dynamics^ stuoie ' 

During, and After Surgical Treatment, Surg. Gynec. & Obst. 92: 7o, lJo • . : n 
Kirkendall, W. M., Culbertson, J. W., and Eckstein, J. W.: Renal Hemoajma 
Patients With Coarctation of the Aorta, J. Lab. & Clin. Med. 53: 6, 1 o . 

Morris, G. C., Jr., De Bakey, M. E., Cooley, D. A., and Crawford, H S -' buU 
Aortic Stenosis and Occlusive Disease, A. M. A. Arch. Surg. 80: Si, too . 

Nicks, R.: A Surgical Study of Coarctation of the Aorta, Brit. Heart J. " * ’ ^Vith 

Niedner, F. J.: Treatment of Aortic Istlimus Stenosis; Procedure in y 

Advanced Changes of the Aortic Wall, Aich. klin. Chir. 287: 43S, 19a’<• rt 0 f 

Oeconomos, N.: Dacron Prosthesis for Coarctation of Aorta With Aneur)sn , f 

a Case in a Pregnant Woman, A. M. A. Arch. Surg. 77: 181, l9pS observations 
Scott, H. W., Jr., Collins, H. A., Langa, A. M and Olsen, N S.:. Senlnl 

Concerning the Physiology of the Hypertension Associated With -P 
Coarctation of the Aorta, Surgery 36: 445, 1954. _ Sinuses in 

Steinburg, I, and Sammons, B. P.: Aneurysmal Dilation of thei Aorfac ( 

Coarctation of the Aorta; Report of Two New Cases and Renew of the Eire 
Ann. Int. Med. 49: 922, 1958. 



Vcl. 40, No 6 
Dicecber, 1960 


COARCTATION OP AORTA 


721 


21. Temesvari, A., and Xrvay, A.: Some Clinical and Pathologic Aspects of Coarctation of 

the Aorta and Aortic Arch Syndrome, J. Thoracic Surg. 36: 247, 195S. 

22. Wright, J. L., BurcheU, H. B., Wood, E. H., Hines, E. A., Jr., and Clagett, O. T.: 

Hemodynamic and Clinical Appraisal of Coarctation Four to Seven Tears After 
Keseetion and End-to-End Anastomosis of the Aorta, Circulation 14: SOG, 1956. 


Discussion 


DB. SAhITJEL B. SCHUSTEK, Boston, Mass.—This paper is especially interesting to 
us at the Children’s Hospital in Boston, because we are just reviewing our own series of 
505 coarctations wliich we have resected in the past 15 years. 

In these cases we try to do a direct end-to-end suture. In 70 cases we inserted a 
graft. It is our belief that a graft should be inserted whenever necessary, but an end-to-end 
anastomosis is considered mandatory whenever possible. 

We have attempted to do this by carrying out a more adequate mobilization of the 
aorta than was demonstrated in the paper today; a great deal of mobility can be gained by 
earning the dissesetion of the aorta considerably farther down toward the diaphragm. 

There has been no failure at the suture line, except in 2 patients with subacute 
bacterial endocarditis. 

We have used homografts in all patients requiring giafting and have seen a fair amount 
of calcification in some of these homografts. However, we have not seen any aneurysmal 
distention of the liomografts. We have not seen any occlusion of the homografts and, for 
* 10 present, we sec no reason to change to a prosthetic material. 

We have performed one operation for coarctation of the abdominal aorta by using a 
iomograft bypass, the bypass extending from above the diaphragm to below the renal 
vessels, with a good result. 


DB. FBAXCIS S. GEBBASI, Detroit, Mich.-—I rise to emphasize that coarctations of 
ie aorta can occur elsewhere than in the thoracic aorta, and I think that we can make this 
'agnosis if we very carefully examine the entire chest and abdomen for bruits and pulsations. 

didn’t do this 4 years ago, when I operated on a young girl 11 years old. I was 
jue I was going to find a coarctation in the upper thoracic aorta. I did a thoracotomy, and 
-tl 3 aSn * t *‘ ere - I put my finger down along the aorta, and, sure enough, it was in the 
omen. He were using homografts at that time, and as I didn’t have a graft long enough 
o do anything, I closed the chest. 

n j A ' Vec k later I did a retrograde aortogram [slide], which showed she had a coarctation 
10 abdominal aorta right in the area of the celiac axis. Here is the splenic arterv 
'eating], and there is the hepatic. 

aml . "eehs later, through a thoracoadominal incision, I explored the entire abdominal 
M °" er *' lorac ' c norta. The stenotic area involved the aorta at the site where the celiac 
v-line am<? * " as vcr J fcwitant about doing an end-to end anastomosis there because the 
to t!° a . rter ' ltsolf " as very small, and I was sure it would thrombose if it were anastomosed 
w side of the graft. I did what I thought was the nex-t best thing—a bvpass around 

‘coarctation. 

a h ^ ' las 110 "’ been 4 years since the operation. Before her operation she had 

r a<- ual pressure of 200/120 mm. Ilg. It is now 110/70 mm. Hg, and she is asymptomatic. 

innrn^ FI b^'Ix C. SPENCER, Baltimore, Md.—I rise to mention the use of the bypass 
■JutJ 1 ’/ 2 unusual cases of long coarctation in the aortic arch. The atretic area began 
1 ft car 1-1 lnnom,natc urtery. was 7 to 10 cm. in length, and involved the origins of "the 
"'alter 3 ? , ?" d subclavian arteries. Both patients were children operated upon at the 
M, m , o„ w Arn ‘- V rio '! ,ita D onc " as 2 and one " a s 1- years of age. In each child it was ob- 
P ‘• vs,cal examination that the coarctation extended far proximally because the right 
it could l " nS , unusunl, . v prominent and the loft carotid pnNe absent; on angio-raphv 
Ti . 7° * eca < )lat tbe coarctation began just distal to the origin of the innominate arterv. 

. mger child also had some cyanosis of the lower extremities 


722 


MORRIS ET AL. 


J. Thoracic and 
Cardiovas. Surg. 


An anterior incision in the fourth intercostal space was used in order to have access 
to the ascending aorta. With the area exposed it was easily possible to insert a Dacron 
graft proximally into the aorta at the origin of the innominate artery and distally into the 
side of the descending aorta. A large ductus was also divided in the younger patient. 
Convalescence in both patients was uneventful. 

DR. MORRIS (Closing).—I am indebted to the discussers for their interesting 
remarks. 

In relation to Dr. Schuster’s comments, I would certainly imagine that a pre¬ 
ponderance of his cases were in children, and we certainly agree that end-to-end anastomosis 
is the treatment of choice. One objective in this presentation was to emphasize other 
techniques for challenging problems commonly seen in adults and in unusual anatomic types 
of coarctations. 

With reference to abdominal coarctation, Dr. Gerbasi, we have had this problem also. 
We have had patients in our series with two separate areas of coarctation. In one, we 
initially' missed the second coarctation and a second operation was necessary, but in the 
second case we were able to diagnose both lesions before operation and thus repair both 
concomitantly. 

We also had some interesting cases such as Dr. Spencer described. In one particular 
case there was coarctation involving all of the transverse aortic arch, with extreme calcifies, 
tion of the aortic wall. We found two soft spots, one in the ascending aorta and one in the 
descending, and simply used a bypass graft directly across the arch. 



FIVE-YEAR FOLLOW-UP STUDY OF 
CLOSED MITRAL VALVULOTOMY 


/. Gordon Scnnnell. Al.D.. John F. Burke. Al.D. (by invitation), 

Farrokh Sa'tdi, Al.D. (by invitation). and John D. 

Turner, Al.D. (by invitation). Boston, Alass. 

T he application of new techniques to operations on the mitral valve makes 
it imperative to review the long-term results of closed mitral valvulotomy. 
It is particularly important to do this in order to provide a rational basis for 
open operation as an initial procedure in mitral stenosis. 

One hundred consecutive patients who survived mitral valvulotomy at the 
Massachusetts General Hospital between -June 1952 and -January 1955 form 
the basis of this report. Seven patients who died of operation define the 
operative mortality during this period, but have been excluded from this 
follow-up study which is concerned with long-term results of operation. Five 
years after operation is taken as the end point of the study for each patient 
hut information beyond that time is included whenever relevant. Informa- 
‘ion adequate to permit an intelligent evaluation at 5 years has been obtained 
for the entire series of 100 patients. Follow-up data in terms of an office 
°r clime examination by ourselves or a member of our own medical staff are 
available in 76. In 15. detailed clinical information has been supplied by the 
Patients physician in response to a personal request for iniormation on the 
Part of the authors, the remaining 9 patients have been examined in cardiac 
clinics of affiliated hospitals. 

Since the series begins in June 1952. the first 1 < patients undergoing 
rnitral valvulotomy at tliis hospital have been excluded. This has been done 
°rder to standardize the clinical material by eliminating the learning curve 
oi the early cases so far as possible. It is interesting to note that of the first 
1 1 patients, 3 have come to reoperation. 

Without wishing to become involved in semantics, we use the term mitral 
valvulotomy as a convenient one to describe forcible dilatation by the index 
rimer of a stenotic mitral valve with resulting split of the fused commissures. 
U the series here reported, if an adequate split of the commissures did not 
'"‘-Ur as a result of digital pressure, an attempt was made to cut the fused 
'Umnii -surcx with a knife or an < llivekrona pituitary scissors, while palpating 

General Surcical Services nn-I Cardiic R*\Fonrch Laboratory, Mru^'ichusctts 
*** Hospital, Roston. SIn5$. 
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the valve (15 of the entire series). At present, we prefer to use a mechanical 
dilator of the type advocated by Tubbs and Logan. 1 

In attempting to evaluate operative results, we have encountered the 
problem which troubles almost every group that reports the results of surgery 
for acquired valvular disease; namely, dissatisfaction with existing classifica¬ 
tions and categories. We have, therefore, taken the usual course and set 
definitions which seem most applicable to the clinical material at hand. 

In the preoperative evaluation we have recognized two groups of patients. 

group 1 . — Individuals moderately to moderately severely incapaci¬ 
tated by their disease, of whom there were 74. 

group 2. — The severely incapacitated, of whom there were 26. 

In general, these groups conform to American Heart Association classifi¬ 
cations III and IY, respectively. The categories are intended to characterize 
the severity of disease, not the magnitude of operative risk which is an over¬ 
worked and remarkably subjective term. 



ACE CROUP 

Fig. 1 .—Age distribution of 100 patients surviving mitral valvulotomy, June 1952 -January l® 65 - 


In the postoperative evaluation of results, we have used the following 
scale of values. 

1. The result is considered excellent if the patient is malting no significant 
concessions to his disease, is free of symptoms under all reasonable conditions, 
tolerates periods of infection and stress (including pregnancy) well, an 
does not require salt restriction and cardiac medications. (An exception is 
the use of digitalis to control heart rate in the patient with atrial fibrillation.] 
Although such patients are generally under medical supervision, both the pa 
tient and the doctor are enthusiastic about the result. 

2. The result is considered good if the patient is able to discharge u s 
household or economic responsibilities without serious limitation, and requires 
only moderately strict medical supervision under conditions of physical stress 
or intereurrent infection. Both patient and physician are well satisfied wi i 

progress. 
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3. The result is adjudged fair if the patient is improved over his pre¬ 
operative status, but still mildly or moderately incapacitated: requires careful 
medical supervision, restriction of salt intake, and occasional diuretics. Such 
patients usually are more enthusiastic about the result than the facts appear 
to justify. 

4. The result is considered poor if the patient's condition is about the 
same as his preoperative status or worse. 

5. Finally, dead is considered a category of result, irrespective of cause. 
In the present series, of 19 patients who died at or before 5 years, 11 died of 
congestive failure, -4 died of bacterial endocarditis. 1 each of cerebral embolus 
tat 4 mo.), pulmonary embolus (at 1 mo.), alcoholic cirrhosis, and sudden 
arrhythmia (patient up to that time [4 yr.] having done well). 

The age distribution of the patients in this report is shown in Fig. 1. In 
general, it conforms to reported series elsewhere. Of greater importance, as 
''•’ill appear later under consideration of results, is the sex distribution. There 
were 78 females and 22 males. Calcification of the valve was found in only 
15 per cent of the former, 55 per cent of the latter. 


cukicai, results 


Of 100 consecutive patients who survived mitral valvulotomy, there were 
Si alive 5 years after operation. (Five have since died.) Of these, 33 were 
rated as having excellent results and 28 good: to make a total of G1 unequivo- 
eally satisfactory results in terms of the initial operation. The results in 9 
patients were considered fair and poor in 11 at 5 years. Of the latter group, 
0 had undergone reoperation and survived, but in terms of the inital oper¬ 
ation were considered to have poor results. Of the 19 patients who survived 
the initial operation, but who died within 5 years from causes enumerated 
abo\ e, 3 had undergone reoperation. 


The 5-year results are presented graphically in Fig. 2. In addition, the 
results at yearly intervals are indicated. Thus, at 1 year. 7S patients were 
classified as good to excellent. At 2 years. 75 were so rated; at 3 years. 72: 
n t 4 years, 67; and at 5 years, 61. The rather sharp drop of 23 per cent in 
c first year to 77 good to excellent results, with only a gradual decline of 


-pproximately 5 per cent per year thereafter, supports the clinical impression 
* at the poor results generally become obvious within the first year—a phe¬ 
nomenon that is not surprising. After the first year there appears to be a 
^tcady attrition rate of about 5 per cent per year for the group as a whole. 

°'U‘\er, on an individual basis, if deterioration occurs, there is usually 
a rather obvious and sharp break in compensation. In our entire experience 
■ith reoperation for mitral stenosis, which now includes 8 closed and IS 
P n reoperations, the average interval between first and second operations 
V ' ns "early 4 years. 


_ * s extraordinarily difficult to find adequate controls against which to 
'-Mire an operative series of patients with mitral stenosis. In Fig. 3 we 
chosen to compare, in terms of survival, this group of 100 patients with 
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25 patients of so-called grade 3, and presumably comparable, severity, re¬ 
cently reported by Rowe, Bland, Sprague, and White. 2 By their definition, 
grade 3 means “moderate to moderately severe symptoms or one or more of 
the major complications (for example, embolism or endocarditis).” Since 
many of the patients of the present operative series were, in fact, under the 
care of the three senior authors of that follow-up study, and they had con¬ 
curred in the indications for opei*ation in the present series, it appears 



1 2 3 4 5 

YEARS 

Fig. 2.—Clinical results (100 consecutive patients) at 5 years after operation, and at jearly 
intervals up to that time. See text for scale of values. 



Fig. 3.—Comparison of survival rates in 100 consecutive patients with mitral stenosis trea e 

surgically and medically. 

reasonable to use their grade 3 patients as “controls.” It is recognized, of 
course, that their patients were treated in the “pre-surgical era” and h en °® 
were not strictly a “control” group. Their 5-year survival rate for “grade 
was 27 per cent as opposed to 81 per cent for the present series. 

In Pig. 4 we have compared the 5-year results in patients severely m 
capacitated prior to operation with individuals moderately to modera e 
severely incapacitated. Of the 26 severely incapacitated, 50 per cent' 
rated good to excellent at 5 yearn, 29 per cent were fair to poor, and P 
cent were dead. Of 74 patients less severely limited, 65 per cent were c , 
sidered good to excellent, 20 per cent fair to poor, and 15 per cent were 
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Iu Fig. 5 ive have grouped results in terms of isolated factors at the time 
the patient came to operation in order to determine their bearing on long¬ 
term results Thus, of 22 males, in only 36 per cent was the result adjudged 
good to excellent at 5 years, whereas of 78 females, 69 per cent were so rated. 
Of 24 patients noted to have significant calcification of the valve at operation 
(and this correlated only fairly veil with pre-operative radiologic findings) 
only 29 per cent were doing well (that is, good to excellent) at 5 years, while 



SEVERELY IhCAFlCtUTEO 

74 PiTIEhTS 26 PiT/EhTS 

Fig 4— Clinical results at 5 jears in 100 consecuti\e patients moderately and seierelv 
incapacitated at time of operation 



22 7S 76 24 65 34 46 54 42 43 13 2 


NUVBER OF PATIENTS IN EACH SROUP 


of —Clinical results at 5 ‘tears with reference to sex of patient, presence or absence 

onioifS* edification, po s tope rati \ e regurgitation right \cntncular hypertrophv (ECG) 

1 am *’ of operation White = Good to excellent shaded = poor to fair, block '= dead ’ 

‘0 per cent of the 76 patients without calcification were so considered. "We 
' 0 m can to imply that calcification per se is the significant factor, but 
ca c *fication associated with marked deformity and rigidity of the leaflets, 
•^d usually shortening of the subvalvular structures. It was surprising to 
I the presence of regurgitation at the conclusion of operation had 

i tie effect on the outcome. In one or two instances this vis true in spite 
'll '^considerable degree of postoperathe regurgitation, but in the majority 
1C insufficiency, though significant, was mild. Similarly the piesence or 
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absence of right ventricular hypertrophy or right axis deviation in the pre¬ 
operative electrocardiogram seemed to have relatively little determinant effect 
on the 5-year result. 

Of greatest significance has been the operator’s evaluation of the quality 
of operation; that is, the anatomic and functional result in terms of adequate 
size of orifice and mobility of leaflets, in addition to calcification and re¬ 
gurgitation. To some extent this evaluation is standardized, since the senior 
author participated in all operations of the entire series, but it must be ac¬ 
knowledged that what is accomplished by the operator in a closed mitral 
valvulotomy is a subjective evaluation on his part, corroborated at best by 
one or two assistants. When that evaluation was unequivocally excellent 
(42 cases), 78 per cent of the 5-year results were good to excellent. When 
there was some equivocation, but the quality of operation was considered 
good (43 cases), 49 per cent of the 5-year results were good to excellent. 
About the same end-results were achieved in the 13 patients in whom the 
operative result was considered “fair.” It is in the latter two groups of cases 
that substantial improvement should be possible if mechanical dilatation is 
used to supplement digital maneuvers. The same may well be true for open 
operation if one assumes that removal of calcium and restoration of flexibility 
to the leaflets will have a lasting effect. 

The problem of reoperation in patients who have undergone mitral 
valvulotomy is an important one. Of this series of 100 patients, 10 came to 
reoperation during the 5-year period of follow-up, or at some time thereafter 
Rather than confine ourselves to these 10, we have thought that a more usefti 
purpose would be served by reporting briefly our entire experience with ie- 
operation for mitral stenosis. There have been 26 such operations carrie 
out at the Massachusetts General Hospital. Eight of these operations veie 
closed, 18 were open, using conventional methods of cardiopulmonary bypass 
and arrest. 

The experience with closed reoperations may be briefly summarized as 
follows. Of a total of 8, 3 patients died of operation, 1 died 2 years post- 
operatively of congestive failure, 2 came to reoperation (open) at 14 and 
months, respectively, and 2 are still doing well, 2 and 5 years after reopeia- 
tion. Certainly this experience with closed reoperation was far from en 
couraging. 

In the past 2 years we have carried out 18 open operations for recuricat 
mitral stenosis. The majority of these were in patients who had their initia 
operation at our own hospital. The average interval between initial an 
repeat operation was 3 years and 9 months. Six patients failed to survive. 
Five of these showed extreme degrees of pulmonary hypertension ( 1 
pulmonary arterial pressure equalled or exceeded the systemic) and ex 
tremely low cardiac output (Table I). Postoperatively all 5 were unable o 
maintain an adequate systemic pressure in spite of high peripheral venous 
pressure. This we have interpreted as a combination of right-sided fai ure 
and obliterative pulmonary vascular disease, making it impossible to maintain 
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an adequate cardiac output against a high pulmonary vascular resistance. 
All 5 succumbed within 24 hours of operation and at autopsy were found to 
have had excellent operative correction of their mitral stenosis. 


Tabix I 


PA¬ 
TIENT 1 

AGE 
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10 
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140/03 
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D 


(mm. 

index 


.^£5 -Pulmonary artery pressure (mm. Hr). PAm — Pulmonary artery, mean pressure 
v rr Pulmonary capillary pressure or left atrial pressure (mm. Up:). Cl = Cardiac 

Uj/min./M.-). PAR = Pulmonary arteriolar resistance—normal <3. 


Twelve patients have survived open reoperation and arc presently doing 
" e ll- Since the majority of these have been operated upon within the year 
no long-term follow-up is possible. 

Of the entire series of 18 patients, calcification of the valve was pro¬ 
nounced in 10. Seven of these had had significant calcification of the valve 
? thne of their initial operation, which had been considered satisfactory 
ln °idy 8 of the 18. 

Returning to the original series (Table IT), we find that 25 of the 100 
Patients had had peripheral emboli prior to operation. Twenty-one of the 25 
Slowed atrial fibrillation at the time of operation. Of these 25, G had major 
^niioli at the time of operation, 4 to the bifurcation of the aorta (all success- 
n y removed) and 2 major cerebral emboli. Three patients of this group 
° 2a had late emboli; 1 at 3 y 2 years, 1 at 20 months, and 1 had multiple 
isccral emboli to resume a pattern of peripheral embolization that she had 
si ited prior to operation. Three patients who had had no emboli prior to oper- 
'. 0n operative emboli, 2 cerebral, 1 iliac. In addition, 2 patients without 
jg 1Q i history of embolus had major cerebral emboli late; i.c., 4 months and 
months after operation. That peripheral embolization is a major con- 
( ^ Clnt ' on i* 1 operative risk is indicated by the fact that of the 7 operative 

, 1 * s "’hich occurred during the period of this study, 4 were attributable 
10 this cause. 
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absence of right ventricular hypertrophy or right axis deviation in the pre¬ 
operative electrocardiogram seemed to have relatively little determinant effect 
on the 5-year result. 

Of greatest significance has been the operator's evaluation of the quality 
of operation; that is, the anatomic and functional result in terms of adequate 
size of orifice and mobility of leaflets, in addition to calcification and re¬ 
gurgitation. To some extent this evaluation is standardized, since the senior 
author participated in all operations of the entire series, but it must he ac¬ 
knowledged that what is accomplished by the operator in a closed mitral 
valvulotomy is a subjective evaluation on his part, corroborated at best by 
one or two assistants. When that evaluation was unequivocally excellent 
(42 cases), 7S per cent of the 5-year results were good to excellent. When 
there was some equivocation, but the quality of operation was considered 
good (43 cases), 49 per cent of the 5-year results were good to excellent. 
About the same end-results were achieved in the 13 patients in whom the 
operative result was considered “fair.''' It is in the latter two groups of cases 
that substantial improvement should be possible if mechanical dilatation is 
used to supplement digital maneuvers. The same may well be time for open 
operation if one assumes that removal of calcium and restoration of flexibility 
to the leaflets will have a lasting effect. 

The problem of reoperation in patients who have undergone mitral 
valvulotomy is an important one. Of this semes of 100 patients, 10 came to 
reoperation during the 5-year period of follow-up, or at some time thereafter. 
Rather than confine ourselves to these 10, we have thought that a more useful 
purpose would be served by reporting briefly our entire experience with re¬ 
operation for mitral stenosis. There have been 26 such operations carried 
out at the Massachusetts General Hospital. Eight of these operations veie 
closed, IS were open, using conventional methods of cardiopulmonary bypass 
and arrest. 

The experience with closed reoperations may be briefly summarized as 
follows. Of a total of S. 3 patients died of operation, 1 died 2 years post- 
operatively of congestive failure, 2 came to reoperation (open) at 14 and 16 
months, respectively, and 2 are still doing well, 2 and 5 years after reopera¬ 
tion. Certainly this experience with closed reoperation was far from en¬ 


couraging. 

In the past 2 years we have carried out IS open operations for recurrent 
mitral stenosis. The majority of these were in patients who had their initial 
operation at our own hospital. The average interval between initial an 
repeat operation was 3 years and 9 months. Six patients failed to survive. 
Five of these showed extreme degrees of pulmonary hypertension (ti’ e 
p ulm onary arterial pressure equalled or exceeded the systemic) and ex¬ 
tremely low cardiac output (Table I). Postoperatively all 5 were unable to 
maintain an adequate systemic pressure in spite of high peripheral venous 
pressure. This we have interpreted as a combination of right-sided fai ure 
and obliterative pulmonary vascular disease, making it impossible to maintain 
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an adequate cardiac output against a high pulmonary vascular resistance. 
All 5 succumbed within 24 hours of operation and at autopsy were found to 
have had excellent operative eoiTection of their mitral stenosis. 


Table I 
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). PAm = Pulmonary artery, mean pressure 
left atrial pressure (mm. Hr). Cl = Cardiac 


(U/min./yt.-). PAR '= Pulmonary arteriolar resistance—normal < 3. 


Twelve patients have survived open reoperation and are presently doing 
^ell. Since the majority of these have been operated upon within the year 
no long-term follow-up is possible. 

Of the entire series of IS patients, calcification of the valve was pro¬ 
nounced in 10. Seven of these had had significant calcification of the valve 
at the time of their initial operation, which had been considered satisfaetorv 
in only S of the IS. 

Returning to the original series (Table II), we find that. 25 of the 100 
patients had had peripheral emboli prior to operation. Twenty-one of the 25 
showed atrial fibrillation at the time of operation. Of these 25. 6 had major 
emboli at the time of operation. 4 to the bifurcation of the aorta (all suceess- 
inlly removed 1 and 2 major cerebral emboli. Three patients of this group 
of 25 had late emboli: 1 at 31/2 years. 1 at 20 months, and 1 had mxiltiple 
risceral emboli to resume a pattern of peripheral embolization that she had 
exibited prior to operation. Three patients who had had no emboli prior to oper¬ 
ation had operative emboli. 2 cerebral. 1 iliac. In addition. 2 patients without 
Prior history of embolus had major cerebral emboli late.- i.e.. 4 months and 
IS months after operation. That peripheral embolization is a major eon 
sideration in operative risk is indicated by the fact that of the 7 operative 
deaths which occurred during the period of this study, 4 were attributable 
to this cause. 
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Table II. Experience With Peripheral Emboli in 100 Consecutive Patients Surviving 
Mitral Valvulotomy Evaluated at 5 Years 


25 patients had peripheral emboli prior to operation 
6 had emboli at time of operation 

4 saddle emboli removed successfully 
2 major cerebral emboli 

1 fair recovery; 1 poor recovery 
3 patients had late emboli postoperatively_ 


SUMMARY AND CONCLUSIONS 

The clinical result 5 years after operation has been evaluated in 100 
consecutive patients surviving mitral valvulotomy. The result is considered 
unequivocally satisfactory, that is, good to excellent in 61; fair to poor in 20. 
This 5-year survival rate of 81 per cent represents a highly significant im 
provement over a comparable, though smaller, group of medically treated cases. 

The long-term benefits of operation are most striking in patients moder 
ately to moderately severely incapacitated by their disease, hut there is a iery 
rewarding salvage of patients severely incapacitated. The majority of pool re 
suits of operation become evident within the first year, but there is a steaci 
attrition thereafter of recurrence of disability of about 5 per cent per jeai. 

Three factors at the time of operation appear to have special piognostic 
significance: (1) the sex of the patient, the percentage of satisfactoiy resu 
in women being greatly superior to that in men; (2) the presence of ca ci ca 
tion and rigid deformity of the valves, indicating, in general, a poor prognosis, 
(3) the anatomic result of operation. 

A review of the data suggests that the use of a mechanical dilator s h° l j 
improve the number of good results by increasing the number of anatomica 
excellent results, particularly in tough, fibrous valves. It is also a reasona 
hypothesis that removal of calcium encrustations from a valve during i 
course of open operation may produce a greater number of satisfactoiy ° n o 
term results with greater initial safety than is possible at closed opera i° 
Until the fate of decalcified valves is known, or the deposition of calcium ca 
be controlled, this must remain supposition. 

Of the present series, 10 patients have come to reoperation. The: aut 101 •* 
entire experience with 26 reoperations for mitral stenosis, 8 closed nnc 
open, is briefly reviewed. 
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the treatment of acquired aortic stenosis 

BY VALVULOPLASTY 

Donald G. Mulder, AI.D. (by imitation). Albert A. Kattus. M.D. (b) 
imitation), and William P. Longmire. Jr.. AI.D.. Los Angeles. Calif. 


'“Phe patient with acquired aortic stenosis remains a challenging surgical 
problem. Attempts to relieve the valvular obstruction by the currently 
recommended techniques have uot been consistently successful. Our experience 
Will the ‘'blind'' transventricular co mmi ssurotomy and the "open" direct 
nsiou commissurotomy has been disappointing Unless these calcified, rigid 
valves can be mobilized, little functional benefit may be anticipated. Removal of 
die calcific deposits, originally suggested by Bailey . 1 will accomplish this ob¬ 
jective. A technique has been developed for debriding the aortic cusps of the 
(racial. obstructing encrustations and for reconstructing the valve, when nec¬ 
essary. which we have referred to as aortic valvuloplasty . 1 


selection of cases 


Patient* were selected for operation on tie basis of clinical evaluation and tie ierno 
evnanne data obtained by left heart catheterization. Operation wa- not considered indicated 
ihe patient presented with symptoms of syncope, left ventricular failure, or angma. 
■nritesive left ventricular enlargement on roentgenogram.- and electrocardiographic evidence 
1 ventricular hypertrophy were strong indications for operation. Calcification of the 
- -no valve and dilatation of the ascending aorta were confirmatory findings bnt were not 
considered essential. 

Preoperative evaluation of potential surgical candidate- bv measurement of the 
gradient across the aortic valve was considered to 1>- essential to establish the 
CEO'is. occasional patient with a classical •*aortic steno-is murmur” caused bv a 

-i but nonobstructed aortic valve, who has angina due to coronary arterv disease, will 

* c ' s P ? -rid a futile thoracotomy Simultaneous cardiac output determinations have not 

~ P-'nornied routinely. We still consider a gradient aero— the aortic valve of 50 mm Hg 
-.are as indicative of significant valvular obstruction. Under certain circumstances, 
-i a- a severely ill patient with a low cardiac output, operation has been advi-ed despite a 
'v gradient. The pre-ence of heavy aortic valvular calcification, associated mutlivnlvular 
.j jY' 0 ” ncute cardiac deeotnpen-ation. doc- not contraindicate surgical intervention. 
°Jgh the operative risk in the-e patient- i- greater 

_ However, active rheumatic fever or -ubacute bacterial endocarditis i- definite contra 
’i'ation to surgery 
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Table I. Clinical and Hemodynamic Evaluai 
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Legend: A.S. = Aortic stenosis. M.S. = Mitral stenosis. A.I. = Aortic insufllciencj. 


PREOPERATrVE EVALUATION OF PATIENTS 

Eighteen patients (Table I) represent our total experience to date in the treatment^ 
acquired aortic stenosis by the operative procedure to be described. Five pa * en a ‘ c 
significant to severe associated aortic insufficiency. There were 17 males an ^ 

The average age of the patients was 41.1 years. A murmur had been no ed ^ 

in 6 patients. A history of rheumatic fever was obtained m C patients, mt J ^ ^ 
historv in 2 additional patients. These 2 patients, the youngest m the group, ^ of 

ones ;-ho did not have gross, calcific valvular deposits The disease did not -IW ^ 

congenital origin because the valves were markedly thickened rolled and 
with fusion of the commissures. Furthermore, no murmur had ^ " ^ cct „ ches t 

in these 2 cases. All patients gave a history of syncope, left ventricular 
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dot of Patients With Acquired Aortic Stenosis 


RESULTS 


PRESSURE MEASUREMENTS ACROSS AORTIC VALVE 
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pain - Two patients had a questionable history of myocardial infarction. Roentgenographic 
examination revealed calcification of the aortic valve in 1C patients, and left ventricular 
enlargement was demonstrated in sixteen instances. Electrocardiographic evidence of left 
ve ntricular hypertrophy was present in every case. 

Simultaneous pressure measurements in the left ventricle and femoral artery 
' TCro rnaf lc in all patients preoperatively (Fig. 1). The systolic gradient across the aortic 
Ta re ranged from 30 to 181 mm. Hg with an average of 90 mm. Ilg. Simultaneous cardiac 
out Put studies were occasionally but not routinely performed. 


OPERATIVE TECHNIQUE 

The patient is placed supine and anesthetized with Pentothal sodium 
Nitrous oxide, and oxygen. The electroencephalogram and electrocardiogram arc 
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continuously monitored. The systemic arterial pressure is recorded through 
a right radial artery cannula, and the superior vena cava pressure via a 
cardiac catheter passed up the right anteeubital vein. Vasopressors are ad¬ 
ministered, if necessary, to maintain a satisfactory arterial pressure. Ventricu¬ 
lar fibrillation is prone to occur in these patients if hypotension and lowered 
cardiac output occurs and is not promptly corrected. 

A median sternotomy incision is preferred, which gives good exposure to the 
base of the heart and great vessels. The thymus is dissected off the pericardium 
and divided between its lobes up to the innominate vein. The pericardium is 
opened anteriorly to the right phrenic nerve, and the incision curved over 


200 
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PATIENTS 


Pig. 1.—Bar graph which depicts the preoperative and postoperative sjstolic £ nts 

across the aortic valve. One patient died at operation and no postoperative mea* 
were made. 


the base of the great vessels toward the apex of the heart. Two purse-string 
sutures of 3-0 arterial silk are placed in the right auricular appendage. In the 
more critically ill patients, the right common femoral artery is exposed at this 
point through a longitudinal incision in the groin. After heparinization 0-( 
mg. per kilogram), the patient is connected to the extracorporeal ciicuit 
(modified Kay-Cross disc oxygenator) by insertion of the femoral arteria 
cannula. The superior and inferior venae cavae and the aorta can now e 
safely dissected free and encircled with tapes, since cardiopulmonary bypass 
may be initiated without delay should the patient’s condition deteriorate during 
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manipulation of the heart and great vessels. After a short stabilization run 
on full bypass, the ascending aorta is cross-clamped. The proximal ascending 
aorta is promptly opened through a longitudinal incision which is curved 
posteriorly (Fig. 2, A). The right coronary artery must be identified to spare 
it from injury. This hockey-stick incision gives satisfactory exposure (Fig. 
2, C) and lessens the likehood of tearing the aortic incision by excessive re¬ 
traction. The right and left coronary ostia are quickly identified and specially 
constructed perfusion cannulas are introduced (Fig. 2, B). In the initial 11 
cases the heart was allowed to go into ischemic arrest. Currently, selective 
hypothermic coronary perfusion is used, although no instance of myocardial 
damage related to the former method was encountered. Approximately 1,200 
to 1,500 c.c. of oxygenated, heparinized, hypothermic (15° C.) blood is per¬ 
fused during a 5- to 7-minute period using an auxiliary De Bakey pump. 
Cooling is accomplished by passing the blood, which is diverted from the 


oxygenator, through a coiled polyethylene tubing submerged in ice-water. The 
blood is returned to the pump circuit by a right atrial cannula, or aspirated 
as it returns to the left ventricle. During the local cardiac cooling, the valvular 
eformity is carefully evaluated. The coronary perfusion cannulas are re¬ 
moved and attention is directed to repair of the valve. e 

The critical obstructing and immobilizing encrustations are then removed 
•' l * ie following technique: An incision is made through the thickened endo- 
1 elium along the base or annulus side of the calcific deposit (Fig. 3). An 
endarterectomy Freer elevator is used to establish the proper cleavage plane 
etveen the calcific mass and the underlying valve tissue. The debridement is 
nmde easier and more effective by starting at the base of the plaque deep in 
t c cusp sinus. Although more difficult to visualize initially, it accomplishes 
*"0 things: (1) the freed valve cusp does not tend to fold and lose its stability 
35 the remainder of the encrustation is removed, and (2) no valve tissue is 
sacrificed by an incision into the leading edge of the calcareous mass, which 
Ina - he partially covered by the rolled up cusp margin. 

h’ are must be taken to prevent perforation of the diseased valve (Fig. 

> A, B, C). Spotty areas of througli-and-through degeneration of the 
a ' e may not be apparent when viewed from the aortic side, but can be 
j'ccogeized by a dimpled area on the ventricular aspect of the valve; this must 
e debrided cautiously. Calcifications occur most commonly on the aortic side 
0 the valve but may occur on the ventricular side as well. Occasionally, the 
coronary ostia are encroached upon by plaques; these should also be removed. 

1 *';°us fusion at the commissures is incised by knife, either completely to the 
•Trtic wall or nearly so, depending upon the adequacy of the valve tissue. A 
ricuspid or biscuspid valve is fashioned as indicated by the valvular de¬ 
formity in the individual case. Removal of the calcific crags often results in 
unrolling” of the cusps so that the frequently associated aortic insufficiency 
ay aiso be corrected. In other instances, after mobilizing the valve, it will 
•_u_be necessary to form a bicuspid valve to achieve competency (Fig. 5 4 B) 

‘Continuous perfusion of only the left coronnry arterv n-ith 
n Used in recent cases and, at present, is the technique we^prefer! normothermic blood has 


bqt 






Pig-. 2.— A, A longitudinal hockey-stick aortic incision is made. 

B, Stainless steel coronary perfusion cannulas are inserted into the right and left coronary 
ostia, and the heart is perfused with oxygenated, hypothermic blood. 

G, Good exposure is obtained with this incision which lessens the liklihood of tearing 
tile edges of the aortic Incision. 



Pig. 3.—An incision is made at the base of the plaque. An endarterectomy Fre 
elevator is used to develop the proper plane between the calcareous mass and the unueru 
valve tissue. 



4 — A-C- Three views of a diseased aortic valve cusp. No in ^ ic ^ 10 " t . e f s p° t u which 

gwgj^t 'gss. 

of entire calcareous deposit is attempted. 
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Partial replacement or reinforcement by tlie insertion of a prosthetic cusp is 
occasionally indicated (Fig. 5, G, D). Decreasing the circumference of the 
aortic annulus by “taking a tuck” in the wall at one commissure has also been 
an effective method of correcting the associated aortic insufficiency (Fig. 6). 

After the valvuloplasty has been completed, the left ventricle and root of 
the aorta are flushed with saline, the suture line is partially closed, and the 
remaining aortotomy is excluded with a Satinsky clamp. The aortic cross- 
clamp is then released and the patient is placed in parallel with the pump 
circuit by releasing the occluding vena caval snares. This prevents distention 
of the nonheating heart by decompressing the coronary sinus blood into the 
caval catheters. The left ventricle and left atrium are carefully observed for 
distention which would indicate significant aortic insufficiency. If this occurs, 
the patient is promptly returned to full bypass and the repair revised, for 



f-—A, Typical deformed aortic valve -with calcified encrustations -which cause 
Ular stenosis and insufficiency. 

tvph After mobilizing the valve cusp, bicuspidization may achieve valvular competence as 
as relieve obstruction. 

cusn ii ■ an<1 U, When remaining valve tissue is inadequate despite debridement prosthetic 
p 15 inserted. 




retfoAortic insufficiency may be due to defective valve tissue in 
n « d/ ° r annuIar dilatation. 

» Annular tuck” technique will restore valvular competency. 


one commissural 
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it is virtually impossible to resuscitate the heart if significant aortic insufficiency 
is present. Following restoration of coronary blood flow, the heart action may 
return with a normal rhythm, but usually ventricular fibrillation is present 
which is reverted by electric shock. 

As soon as the heartbeat is adequate, the extracorporeal circulation is 
discontinued, the aortotomy closure is completed, and all cannulas are removed 
Protamine (2.0 mg. per kilogram) is given and the atrial and arterial in¬ 
cisions are repaired. The right pleural space is opened widely to accommodate 
any postoperative bleeding, and two chest catheters are inserted. The peri¬ 
cardium is left open. Prior to closure of the chest, repeat measurements of the 
left ventricular and systemic arterial pressures are performed. 



Pig 7—Finding at autopsy in patient (B J ) who died suddenlj 1 hour poBtoperati 
An embolic calcific fragment from the aortic vaKe completely occluded the lett 
descending- coronary arterj 

RESULTS OP OPERATION 

There were four operative deaths among these 18 patients, a mortality 
rate of 22 per cent. One patient (C. 0.) failed to survive the operative pro¬ 
cedure. Removal of several large deposits of calcium had resulted in quite 
adequate aortic cusp mobility. As the operation was being completed, how¬ 
ever, the heart action suddenly became very poor and ventricular fibrillation 
ensued which was irreversible At autopsy, a fragment of calcium which ha 
embolized from the valve was found to be completely occluding the left circum¬ 
flex coronary arterj 7 . A similar cause of death was present in 1 other patient 
(B. J.), who died 1 hour postoperatively. Again the valvular reconstruction hoc 
been satisfactory. The patient was awake and maintaining a normal blood pres¬ 
sure when he suddenly developed irreversible ventricular fibrillation. In tins in¬ 
stance the calcium embolus totally occluded the left lateral descending coronary 

artery (Fig. 7). 
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Tiro patients died from severe, progressive central nervous system damage, 
3 days (AY V. N.) and 2 weeks (G. C.), postoperatively. The latter patient 
also liad a massive upper gastrointestinal tract hemorrhage 6 days after opera¬ 
tion and went into profound shock. Despite fresh blood replacement, the 
bleeding persisted and the patient underwent laparotomy. Suture ligation of 
a bleeding duodenal ulcer, pyloroplasty, and vagotomy were performed. Al¬ 
though he tolerated this episode surprisingly well, his condition steadily de¬ 
teriorated neurologicallv, and he died 7 days following the second operation. 
At autopsy, no calcium emboli to the cerebral circulation could he demon¬ 
strated. However, large intravascular fat globules (Fig. 8) were noted in 
histologic sections of the brain. 'Whether these are related to the brain injury 
or not is speculative. An additional possibility is the ever-present hazard, 
especially in the treatment of lesions on the left side of the heart, of air embolism. 

There was one late death (A. G.) which occurred 7 months after operation. 
This patient developed a bacterial endocarditis in the early postoperative 
period and was treated intensively for 6 weeks. At this time he was afebrile 
and blood cultures were negative. He returned to full activity and seemed to 
be doing very well until 1 week prior to his death when he developed a ful- 
•rinating, recurrent bacterial endocarditis (Pig. 9). 

Two patients (C.N. and G. P.) bled postoperatively from their- aortotomy 
and re-exploration was necessary. Their subsequent convalescence was un¬ 
complicated. 

A bicuspid valve was initially present or created by suture obliteration 
°r one commissure in 12 patients. A tricuspid valve was present or created by 
developing the obliterated commissure in 6 patients. Partial cusp replace¬ 
ment by a piece of compressed Ivalon was used in one instance (H. AL) to 
correct a moderately severe associated aortic insufficiency. 

The 13 surviving patients have been followed from 2 to 17 months (average 
10 months). The improvement in the physiologic classification of the cardiac 
status of these patients as determined by the criteria of the Hew York Heart 
Association is shown in Table II. Four patients were improved from Class IY 
10 ® as s I, 2 patients were improved from Class TV to Class II, 5 patients 
vrere improved from Class III to Class I, and 2 patients were improved from 
Class II to Class I. There have been no syncopal episodes after operation, 
although 1 patient (H. AL), who had a history of a previous stroke, had a 
second stroke 2 months postoperatively. A transient hemiplegia was present 
for several days which cleared completely. 


^ Table II. Phvsiouxiic Xjipeovesiext n; Caediac Status Eollowixg Yalvui.opi.asty 

Class XV 

Class XV 

Class HI 
—_ Class XI 

Class I 

Class II 

Class X 

Class I 

M- :FBER OF PATlESTS 

4 
o 

5 

2 


A systolic murmur of decreased intensity remains in every case. Two 
Patients have a residual diastolic murmur of aortic insufficiency-. 
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At operation, prior to closure of the chest, repeat pressure measurements 
were obtained from the left ventricle and a systemic artery (see Table I). 
The postoperative systolic gradient across the aortic valve ranged from 0 to 28 
mm. Hg with an average of 5 mm. Hg. In those patients in whom the gradient 




i 


tf. 


Fig. 8 .—Histologic section of brain in patient (W. V. N.) -who died 2 weeks postoperat 
from severe, progressive central nervous system damage. Large intravascular gloouies oi 
are seen which were present throughout the brain. 



Fig- 9.—Gross vegetations can be seen on aortic valve of patient (A. G.) who died 7 month 
after operation from fulminating, recurrent bacterial endocarditis. 

was essentially abolished, the contour of the arterial pulse wave became 
relatively normal (Fig. 10). The classical anacrotic notch and slow time to 
peak” of the arterial pulse tracing reverted postoperatively to a more norma 

contour. 

DISCUSSION 

There are those who continue to advocate the use of closed techniques m 
the surgical treatment of acquired aortic stenosis. 3 ’ 4 A low operative morta i y, 
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gratifying clinical improvement, and generally favorable hemodynamic changes 
have been reported. 

Division of the commissures under direct vision rising hypothermia as per¬ 
formed by Swan 5 and Lewis, 0 or using extracorporeal circulation as initiated 
by Lillehei, 7 have been accepted techniques. 

The disadvantage of not being able to see and evaluate precisely what is 
being done to the valve during closed procedures would seem to be a significant 
one. Furthermore, it is not possible to correct the frequently associated aortic 
insufficiency; in fact, it may be made worse with this type of operation. 
Separation of the commissures imder direct vision can be performed within the 
time limits of hypothermia. The addition of cardiopulmonary bypass would 
seem unnecessary if the objective of the procedure is only to cut or break open 
the commissures. 


TIME FROM ONSET TO PEAK OF RADIAL PULSE WAVE 


120-7 

so 


; ^_/ I o. 


J* 

t, f. A 

. / V . 

TyT rrr 




40- 

0— 


PRE-OP-024 SECONDS 


GRADIENT 74 mm.Hg 


POST-OP-O 10 SECONDS 

(NORMAL RANGE 007 TO 0J6 SEC) 


GRADIENT O nm Hg 


typicaj'ri’oi 10 in arterial pulse vra\e contour following valvuloplasty. Note the 
vise time" and anacrotic notch preoperati'ely compared to normal slope and 
acour of wave after operation. 

^ e would agree with the concept of Bailey, 5 that only by removing the 
“"mobilizing calcific masses on the valve will cusp mobility be restored. In 
addition, added valve cusp length, sufficient to correct an associated valvular 
^competence, may be gained as the plaques are removed and the underlying 
y ahe tissue is “unrolled.” Unrelieved or surgically created aortic insufficiency 
js very poorly tolerated by the heart and may prevent its resuscitation. U*e 
a 'e i’ a d no difficulty in re-establishing a normal beat in 11 patients who have 
, a as l° n " 3s 40 minutes of normothermie, ischemic arrest, providing a definite 
lodynamic improvement was achieved. In no instance were there any 
e sequelae suggesting myocardial injury. In other patipnts (with pure 
"CTtic insufficiency) in whom the valvular incompetence was not satisfactorily 
corrected, restoration of heart action has been impossible following much 
rter periods of arrest. Selective cardiac cooling has recently been adopted 
'’Use of the reported mvocardial protection it affords during prolonged 
car diac arrest.* 


•'O longer tivc^l 
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In this group of patients, it was always possible to remove much of the 
calcium from the cusp surface. The extent to which this can be accomplished 
will vary in each ease, depending upon the severity of the degenerative valvular 
changes. A most gratifying restoration of function will be achieved in many 
instances where removal of two or three stmts of valvular calcification restores 
the hinge action to the cusp. Occasionally, the valve will be almost replaced 
by a conglomerate mass of rock-like crags. Cautious, partial debridement of 
these amorphous encrustations often fails to restore sufficient cusp mobility 
to abolish completely the obstruction. Most commonly, the disease process 
falls between these two extremes, and the quality of the reconstructive pro¬ 
cedure certainly is related in some degree to the severity of the valvular 
deformity. Regardless of certain limitations, it has been made possible, without 
exception, by painstaking removal of these plaques alone or in combination 
with additional valvular reconstruction (bicuspidization, annular tuck, pros¬ 
thetic cusp s), to improve distinctly aortic valve function. 


TIME FROM ONSET TO PEAK OF RADIAL PULSE WAVE 



GRADIENT 74 mm.Hg. 



GRADIENT O mm.Hg. 


Pt. EB. 




11* t '•* 

~^i 'x; v'-m A ^ 


1 5 YRS. POST-OP-0.10 SEC 


GRADIENT 24mm.Hg. 


Fig. 11.—Repeat left heart catheterization in patient (E. 1>-)■ 1H• years postoperati jy' 
Contour of arterial pulse wave remains normal. A gradient across the valve or 2 * 
was recorded. 

Total replacement would appear to be the ultimate ideal in the treatment 
of those patients with hopelessly destroyed aortic valves. Currently, such a 
clinically proved prosthesis is not available, but almost certainly will be in tl' c 
near future. Even so, it is questionable whether the insertion of a foreign 
body at such a critical point in the cardiovascular system would be indicate 
in every case of aortic stenosis. For, if the patient’s own valve can be restore 
to adequate function, this may be preferable to the insertion of a prosthesis. 

The long-term results of this technique are still not known. There is no 
assurance that continued deposition of calcium and re-stenosis will not occur. 
Recatheterization of our first patient (E. B.), 1 % years postoperative^ has 
been encouraging in this regard (Fig. 11). Preoperatively, he had a gvaaicn 
across the aortic valve of 74 mm. Hg with a “time to peak” of the systemic 
arterial pulse wave of 0.24 second with the anacrotic notch typical of patien s 
with aortic stenosis. Immediately postoperative, the gradient was com¬ 
pletely abolished and the arterial pulse wave contour was normal with a ti 


ACQUIRED AORTIC STENOSIS 


743 


Vi 1?, X=. 6 

to peak" of 0.10 second. One and one-lialf years later, lie still has a normal 
pulse contour indicating no detectable delay in left ventricular emptying, 
although a gradient across his valve of 24 mm. Hg was demonstrated. 

The future course and hemodynamic evaluation of these patients will be 
essential in order to assess the value of this procedure in the treatment of 
patients with acquired aortic stenosis. 


SUMMARY 

Eighteen patients with acquired aortic stenosis have been treated by aortic 
valvuloplasty during extracorporeal circulation. 

The obstructing calcareous deposits were dissected from the valve tissue 
wnich resulted in relief of the obstruction and restoration of cusp mobility. 

All patients presented with symptoms of syncope, left ventricular failure 
or angina, and demonstrated transvalvular pressure gradients averaging 90 
mm. He. 

There were four operative deaths: in two instances due to severe 
central nervous system injury, and in two instances to calcific emboli to the 
coronary arteries. One late death (7 months i was due to bacterial endocarditis. 

The 13 survivors have all shown symptomatic improvement, and their 
average residual pressure gradient is -5 mm. Hg. 

Hemodynamic measurement l 1 2 years postopermtively in 1 patient in¬ 
dicated that his operative improvement had been maintained. 
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PARTIAL AND COMPLETE PROSTHESES 
IN AORTIC INSUFFICIENCY 


Dwight E. Harken, M.D., Harry S. S or off. M.D. (by invitation), W alien ]■ 
Taylor, M.D. (by invitation), Armand A. Lefemine, M.D. (by invitation), 
Susbil K. Gupta, /M.D. (by invitation), and Steven Lunzer, M.D. 

(by invitation), Boston, Mass. 

D iseases of tlie aortic valve present many anatomic and clinical syndromes 
Aortic insufficiency with a dilated left ventricle in failure has been totally 
refractory to surgical intervention. Because of the clear diagnosis and grave 
prognosis of these patients, we are not only eager to intervene but have an 
obligation to undertake whatever we may regard as the most reasonable therapy- 
It is to this group that we address ourselves here. 

Our efforts iri treating aortic insufficiency have been in four categories: 
(a) circumelusion of the base of the aorta 12 ; (b) direct plastic repair of the 
cusps; (c) Teflon' cusp extension; and (d) valve replacement with complete 
prosthesis. 


CORRECTION WITHOUT PROSTHESES 


Some years ago 12 we described a technique for circumelusion by placing .1 
tapered suture that enlarged to a woven silk band around the dilated base of 
the aorta. This passed beneath the coronary ostia and, when drawn up, could 
reduce insufficiency by bringing cusps into better apposition. The anatomic 
and pathologic concepts of aortic insufficiency described in this connection haw. 
been useful. 

We have not been successful with direct plastic procedures in patients with 
dilated ventricles in failure. Two patients have had tin’s procedure. In caci 
of these, the mobile noncovonary cusp was advanced into the central zone 0 
insufficiency by suturing the right and left coronary cusps, respectively, to t ic 
commissure 011 either side of the noncoronary cusp. The commissure between 
the two coronary heaving cusps was then partially closed by sutures (Fig- 
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This reduced or e limina ted regurgitation. Leaflet flexibility remained in the 
noncoronary cusp. The first patient could not be resuscitated after closing the 
aorta. The second patient had a more compact ventricle and did survive 36 
hours but died suddenl}'. On the pulse duplicator at autopsy both had some 
degree of stenosis, although not of the size generally regarded as critical. Ac¬ 
cording to Laplace s law, T = Px E A Therefore, if any gradient is produced 
across the valve it may cause fatal elevation in intramural tension in ventricles 
with large radii. This seemed to explain these failures. This concept must be 
borne in mind when “bieuspidalization” or other plastic procedures are consid¬ 
ered. 13 ' 15 Since this experience, we have used existing valve tissue only where 
the continuity of leaflets has been interrupted by subacute bacterial endocarditis 
or trauma. 



[“rf...' U: '.—Pulsator films of aortic \alve in autopsy specimen. A direct valvuloplasty was 
bfaVt rmed "’hich corrected the aortic insufficiency but produced stenosis. The noncoronarv 
nng cusp is the cusp at the right. 


The limitations of these plastic procedures led us to work on cusp substitu- 
tlo n, then cusp extension, and eventually valve replacement. 

Cusp substitution seemed feasible on the pulse duplicator and in the experi¬ 
mental animal. Teflon cloth seemed to be the most suitable material. It flexed 
^ell and could be solidly placed after excision of the neutral cusp. Others have 
“ad encouraging experience. 16 - ir However, Teflon cloth was abandoned for fear 
t!i at it might become infiltrated with fibrous tissue and contract or roll into a 
stlft ' scar allowing regurgitation and stenosis. We even planted Teflon cloth in 
l '' e abdominal wall of animals long enough to constitute a form of autograft. 
iKtoo, presumably has the disadvantages of late contraction and stiffening. 

•Where T = intramural tension. P = pressure, and R = radius of the chamber. 
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CUSP EXTENSION 

Nomvettable cusps of Teflon or polyurethane were unattractive in view of 
our experience with embolization from clot propagated at the junction of the 
endocardium with Lueite balls, bottles, and spindle baffles in mitral insuf¬ 
ficiency. 18 Furthermore such materials require long fatigue tests. For ex¬ 
ample, if the opening and closure of a valve is one cycle, a heart rate of 100 
beats a minute will undergo more than 50 million cycles a year. The testing 
equipment that we are using now cycles from 1,000 to 2,000 times a minute. 



Further acceleration seems impractical. Even this device has only recently 
been developed. Thus no flexion testing equipment has been available to gne 
adequate information quickly. 

Under these circumstances we have been eager to fatigue test material yet 
explore stiff cusp extension techniques that utilize the flexibility of the lea ets 
of the patient’s heart and block reflux with a stiff woven Teflon patch extension 

(Fig. 2). . 

The noncoronary bearing or “neutral” cusp is not only the most mo ie 
leaflet, but it has a characteristic position when the aortic valve becomes mcom- 
petent. It drops downward and backward. It may be incompetent by a loss o 
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substance centrally, by backward displacement, or by aortic base enlargement 
transversely. Also, as it falls to a lower level, incompetence is produced longi¬ 
tudinally (Figs. 3 and 4). This cusp is also in a right posterolateral position so 
that it and the corresponding sinus of Valsalva are accessible to surgical ap¬ 
proach. Prosthetic extensions to this cusp therefore fall nicely below the coro¬ 
nary ostia. Finally, there is often fusion of the commissures between the coro¬ 
nary bearing cusps that serve as an excellent base against which the valve 
extension can seat. 


A 



Profit^ 3 '—Profile of normal aorta indicating the lower position of the neutral cusp. />, 
neutral cusp >rta ln aortic insufficiency indicating widening of the base and herniation of the 




Piv. —Common pathologic patterns of aortic In-.ufncienrv 
and insufficiency. 13. Predominant aortic insufflcicncv " 
a °rtlc Insufficiency, calciffc and noncaiciffe. cnr> - 


-l. Combiner! 
noncalciflc. C, 


calcific aortic 
Predominant 
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lhere have been four Teflon cusp extension operations. Of these 4 pa¬ 
tients, 1 succumbed as the aorta was closed and the bade pressure from the 
pump invaginated the extension. This was prevented in other patients by 
a pull-through traction suture placed at the apex of the Teflon that could be 
removed after closure of the aorta. Three other similar operations were per¬ 
formed and all patients survived. One of these patients died a year after his 
operation. He had done well for 10 months, then suddenly developed free 
aortic insufficiency and died soon thereafter in congestive failure. At autopsy 
the sutures were found to have cut through the cusp and released the Teflon 
extension. Subacute bacterial endocarditis in the interim may have con¬ 
tributed to the erosion and loss of the leaflet extension, but this loss was 
probably due to the fact that only a single layer of Teflon was sutured to the 



Fig. 5.—Caged-ball valve. Valve sutured in Ivalon. 

free margin of the noncoronary bearing cusp (see Fig. 2). In subsequent 
operations the leaflet edge was sandwiched between two thicknesses of Teflon 
functionally similar to the original. Both of these patients are doing quite 
well 8 and 12 months after operation. Both are palliated and clinically im¬ 
proved. Neither have had complete correction of their regurgitation. 

THE CAGED-BALL VALVE 

As no Teflon leaflet extension was curative, we turned to the construction 
of a complete valve. In view of difficulties with fatigue studies, we sougit 
materials that have been tested, namely, the Lucite balls of the Hufnage 
valve, 13 or preferably the more recent, quiet, silicone rubber-covered ba 
These have been in place in human beings since 1955. 20 

A stainless steel caged-ball valve has been built (Fig. 5).* The orifice 
is 1.98 sq. cm. The inner cage must allow the ball to move far enough auaj 
from the base so that it does not obstruct flow, but if it is too long the )a 
can move so far away that there may be delay in return and, thus, re ux. 
The inner cage is of close tolerance for rapid seating. 


•Davol Company, Providence, R. I. 
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Studies of pulse contour indicate that the dimensions of this valve fulfill 
the hemodynamic requirements. With such narrow tolerance the ball extends 
beyond the inner cage and might toueh the aorta. This would impair mo¬ 
bility and could cause stenosis or regurgitation. Therefore an outer cage was 
added to ensure freedom of ball motion. The ball is almost isobaric to blood 
(specific gravity—1.1499) so that it moves with minimal resistance in response 
to changes in the blood flow. For example, at a pressure of 80 mm. Hg acting 
downward on top of the ball, it will be displaced upward by a pressure change 
of 0.12 nun. Hg. Expressed in general terms, at this pressure level, opening 
requires only a 0.15 per cent pressure increment. 

The valve is so constructed that it can be firmly anchored by Surgaloy* 
and covered by silk sutures in Ivalonf or Teflon backing. This, when cut 
into the shape indicated (Fig. 5). can be moved into position (Fig. 6) away 
trom the ostia of the coronary arteries and yet provide an effective outflow 
tract. Further coronary clearance is gained by creating a small enlargement 
oi the sinus of valsalva. The fundus of the noncoronary bearing cusp is ex¬ 
cised (Figs. 6 and 7). 


VALVE TESTING 


i alves must not only be tested for fatigue, as discussed earlier, but for 
pulse contour, competence, resistance to flow, and trauma to formed blood 
elements. 


A pulse duplicator has been constructed to study valve competence (Fig. 
S). This mechanical device is composed of nine essential components. Part 
I is the actuator (Fig. 8, 6) which contains a piston compressor that can vary 
its volume, rate, and duration of systole and diastole. Control is through the 
box (Fig. 8, /). The fluid is delivered into a rigid chamber corresponding to 
the ventricle (Fig. S, 8). From the rigid tube, a side-arm (Fig. S. 9) is pro- 
'"h-d where pressure contours can be recorded. The testing chamber (Fig. 

-O contains the valve. Beyond the chamber housing for the valve is an 
dastie tubing that corresponds to the aorta (Fig. S, 2). Systemic pressure 
recording can be made at another side-arm (Fig. 8. 3) which corresponds to 
the aortic- arch. The character and degree of peripheral resistance can be 
altered by the position and degree of closure of a bar clamp (Fig. <S, -J). 

v>ond the resistance clamp, the blood or circulating solution is returned to 
>• reservoir (Fig. S, 3) in which there is a break in continuity so that the 
arterial * system is interrupted to form a “venous" return. 


This apparatus has been used in testing competence and pulse pressure 
mntours for various types of valves. The eaged-ball valve is competent when 
f^ed on this apparatus and produces pressure contours similar to those in 

human being. These findings have been confirmed in our clinical ex 
F-rir-nop fFig. f)). 


^'irpaloy—American C>anami/J Co, Danbury, Conn. 
‘I'alon—Claj -A«iam«. Inc.. New York 10, X Y. 


—Technique of exposure of aortic valve. 



■Technique of Insertion of caped-ball valve 
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Flow resistance through a valve is of prime importance. Continuous 
flow studies oversimplify the problem. However, at 10 L./min. the caged-ball 
valve offered no gradient. At 20 L./min., the gradient was 25 mm. Hg. 
Twenty liters a minute continuous flow would correspond to an average flow 
of 10 L./min. output at a pulse rate of 120, where time in systole equals 
diastole. 


.© 



Fig; S—Schematic diagram of pulse duplicating s> stem 


. -1 ___ 




mm Hg___ 


,6 °"jr) 1 1 

4 4 4 

80a W u\l 


mm Hg 
-. ,-i60 


1 } . V ! 


ri, 1111 A t i » \ i trrL •, 


AAAAAVA 




o- 


80 
- O 


Fig 9—Puls* 1 contour (Case 3) before and after surgery. 

The caged-ball \alve does not seem to be destructive to blood elements 
uther experimentally or clinically. 

Apparently the caged-ball \alve is atraumatic, competent, enduring, quiet. 
0!Iers little resistance to flow, and produces normal pulse contours. 


CUxic \L FSF. OF Tire C \GFD-B M.I. V M.Vr. 

Our small clinical experience can be best presented in the form of case 
■•^tracts, omitting much significant clinical, pathologic, hemodynamic, lie- 
"•’■f.toiofrie. and metabolic data. After the case presentations a review of the 
< °minnnt problems of the whole cToup clarifies the evolution of this technique. 
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A. Case Reports .— 

Case 1. D. L. (PBBH No. 4P339), a 27-year-old man, had rheumatic fever at the age 
of 14. TJiis was followed by evidence of severe aortic insufficiency accompanied by cardio 
megaly, exercise limitation, and rare episodes of transient blindness. During the 2 years 
prior to hospitalization he had three episodes of congestive failure followed by increasing 
dyspnea, angina, paroxysmal nocturnal dyspnea, fatigue, and orthopnea. At the time of 
admission he was completely incapacitated in spite of intensive medical therapy'. 



Fig. 10.—Posteroanterior roentgenograms of patients who died during insertion of prostheti' 

valve. 

Physical examination: The blood pressure was 210/0 mm. Hg. The heart was en. 
larged to the anterior axillary line. There was a diffuse apical impulse and a left ventricu 
heave. Tlieie was a systolic ejection click and an accentuated pulmonary second sound. |C ^ 
were Grade 2 systolic and Grade 3 diastolic aortic murmurs. Grade 2 presystolic rum > c «• 
present at the apex. The liver -was palpated two fingerbreadths below the right costal margin. 

There was no peripheral edema. 
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Eoentgenograms (Fig. 10, A ) and fluoroscopy revealed cardiomegaly with marked left 
ventricular enlargement. No calcification of the aortic valve was seen. The rocking beat 
w sortie insufficiency was no longer present. This was interpreted as an ominous sign. 

Electrocardiogram showed normal sinus rhythm, left bundle branch block, and left 
Ventricular hypertrophy. 

Hospital course: He developed bouts of supraventricular tachycardia and angina 
decubitus persisted. A low-grade fever led to the diagnosis of and treatment for subacute 
bacterial endocarditis, although blood cultures were negative. He lost 3 kilograms in weight 
cn a dinretie program. 

At operation on bypass the patient was cooled to 26° C. with the Brown-Harrison heat 
exchanger. Ventricular fibrillation occurred at 2S.4° C. and the aorta was cross-clamped and 
opened at once. Hypothermic arrest was brought about using intracardiac and extra cardiac 
Ringer s solution at 4° C. The aorta was occluded for a total of 63 minutes while the caged- 
iall valve was inserted (see Figs. 6 and 7). With the resumption of coronary flow at release 
0i aortic clamp, transient defibrillation was accomplished but marked dilatation occurred 
followed by failure and again by fibrillation. In the dilated ventricle, defibrillation was 
'"possible. The cannula had been placed in the left auricle and did not decompress the 
ventricle adequately. 

Postmortem examination: The empty heart weighed 750 grams. There was right and 
Wt ventricular dilatation and hypertrophy and a partial occlusion of the anterior descending 
branch of the left coronary artery by an atheromatous plaque. 

Case 2.—M. B. (PBBH No. 4P565) is a 32-year-old woman without a liistory of rheu- 
c-tie fever. A murmur was first heard at age 9 and since then she noted fatigue and slight 
"••r.ioaal dyspnea. At IS her only pregnancy was complicated by glomerulonephritis. 

26 she developed increasing fatigue, dyspnea, and transient left anterior chest pain. 
Uere were “weak spells” but no true syncope. Three years later, in the presence of pro¬ 
gressive dyspnea, paroxysmal nocturnal dyspnea, and occasional ankle edema, she was ad¬ 
mitted to another hospital for cardiac evaluation. Data from percutaneous dorsal catheteriza- 
Con of the left heart were incomplete because of syncope and shock. On the basis of 
finical evaluation and available catheter data, transaortic valvuloplasty was performed, 
•^■eaosis of approximately 1.2 sq. cm. with regurgitation was partially corrected by finger 
‘lecture valvuloplasty. Transient improvement was followed by progressive limitation from 
°.v3pnea. orthopnea, and peripheral edema. At the rime she was admitted for re-evaluation, 
had dyspnea on less than one flight of stairs and angina decubitus. 

Physical examination: The lungs were clear and the liver edge palpable at the costal 
■--vrgin. The blood pressure was 150/80 mm. Hg and the heart was in normal sinus rhythm. 

kft ventricular impulse was felt in the anterior axillary line. Grade 3 aortic systolic and 
'hastolic and Grade 1 mitral diastolic murmurs were present. The aortic second sound was 
'lircinished. 

Eoentgenograms (Fig. 11. A and Ht and fluoroscopy demonstrated moderate left ven- 
‘ricnlar enlargement and no calcification of the aortic valve. A definite rockinw beat was 
present. The transverse cardiac diameter was within accepted normal limits. 

The electrocardiogram showed normal sinus rhythm and left ventricular hvpertrophy 

At transseptal cardiac catheterization, no gradients were noted across the aortic or 
Mitral valves at a flow of 5.1 L/nm. The dye dilution curves indicated regurgitation. The 
°ft ventricular end-diastolie procure was 12 mm. Hg. Mild oxygen depuration (89 ,,,. r 

* r.as present in thf* b3«al 

vp atilatory studio and laboratory analyse, for serum electrolytes and blood con- 
itLVnts, ■R-pre v .lthin normal limit". 
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through its lateral commissure to the base of the fundus. The leaflet complex could prolapse 
in diastole. Using' a heat exchanger, body temperature was lowered. At 29° C. the heart 
W'ent into ventiicular fibrillation. During the ensuing 64 minutes of total bypass, at flow 
rates averaging 3,fi00 c.c./min., the patient’s temperature remained at 28° C. The left ventiiclo 
was decompressed through a No, 38 plastic catheter. Adequate bilateral coronaiy perfusion 
w'as not attained. After the caged-ball valve had been placed (see Figs. 6 and 7) and as 



Fig:. 11—Roentgenograms of patient who survived insertion of prosthetic valve. 


the patient "as being rewarmed, the heart spontaneously reverted to a regular rhythm at 3- 
C. Assisted circulation was continued for an additional 20 minutes. Thereafter, she mam 
tained an adequate cardiac output with good systemic pressures. Aortic pulse tracings >e 
fore operation were characteristic of aortic insufficiency and were normal after the valve was 
placed. The roentgenogram after operation shows the valve in place (Fig. 11, 0 and P)- 
During the first 3 postoperative days, the patient had premature ventricular beats and 
idioventricular foci alternating with sinus tachycardia. Adjustment of the digitalis Do«a|o 
corrected this situation. During the ensuing 10 days she ran a low-grade fever to 10 . ■ 

and broad spectrum antibiotics were gnen. Blood cultures were negative. The remain e 
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t - courts wa= uneventful. She has remained on digitalis and a low sodium diet Diuretics 
hive not been necessary. Her condition is entirely satisfactory at an essentially normal 
tdinty level 

In spite of inadequate coronary perfusion this patient was successfully resuscitated, 
survival appears to be correlated with a compact nondilated left ventricle 

Case 3—E H. (PBBH No 4P572), a 28 year old man. had rheumatic fever at the 
cce of 11. He was asymptomatic until age 24 when he developed acute dyspnea Three 
it oaths prior to this admission, the dyspnea and fatigue became refractory to medical tlier 
tpv At this time he was observed fluoro^copically and the cardiac and aortic activity were 
exaggerated. characteristic of aortic insufficiency There was no angina or syncope. 

Physical examination: The blood pressure was 160/60 nun. Hg He had Corrigan 
pal'c. There were evpiraton. rales The point of maximal impulse was m the anterior 
anilary lme and was accompanied by a characteristic left ventricular heave The right 
veiuncular contraction was not prominent The aortic second sound was normal but the 
pulmonic sound v.as accentuated At the base there was a Grade 2 rough systolic ejection 
murmur and a Grade 4 diastolic diminuendo murmur along the left sternal border At the 

there was a Grade 3 pansystolie murmur and a Grade 2 diasrobc rumble with an 

opening snap In the tricuspid area there was a Grade 3 diffuse rough pansy=tolic murmur 
ihat was louder during inspiration. The liver edge was palpated two fingerbreadths below 
right costal margin. There was no edema 

Xray studies (Fig. 10, B) and fluoroscopy revealed considerable enlargement of the 

hit ventricle (3-). right ventricle (2-). and left auricle The transverse diameter was in 

creased 34 per cent above the predicted normal and the pulmonary vascular bed was con- 
£Tr4ed. There was no calcification and no rocking motion t although this had been vigorous). 

Electrocardiogram revealed auricular fibrillation, intraventricular conduction defect, and 
!eft ventricular hypertrophy. 

Combined heart catheterization revealed a total cardiac output of 62 L/min /AT = with 
a regurgitant flow estimated at 2 91 L /min /AX = or 47 per cent of total cardiac output 
vfc-ures were elevated in all chambers of the right heart Pulmonary artery pressure ro=e 
rom a resting level of 61/30 to 110/5S mm Hg with exercise indicating left ventricular 
failure Left ventricular pressures were not obtained 

Hospital course: On bed rest and a full medical program, the patient lost 3 kilograms 
0 l ' u '^ At open operation, a caged ball valve was inserted by the technique described. The 
!-bent was cooled to 2S C C A'entricular fibrillation occurred at 29“ C. There was made 
Trite coronary perfusion during 56 minutes of aortic occlusion The tenth defibnllatmg shock 
° volts at 1/20 second restored regular rhythm and effective left ventricular contractions 
owed Partial bypass was continued for an hour after release of the aortic clamp 
ter operation, the temperature rose to 105 c F and there was a tachycardia of 130 on the 
i°ud postoperative day. His temperature was lowered to 95° to 96° F. and vasopressors 
tr " feeded on the third day The patient remained lucid and cooperative under these con 
1 lons Erinary output ranged from 400 to 950 cc daily and cardiac rate varied from 


130 to 160 


'ardia. 

There 


per minute. The rhythm showed frequent changes from a supraventricular tachv 


possibly flutter, to auricular fibrillation that constituted a problem in management, 
was mild gastnc bleeding Staphylococcus aureus was cultured from the trachco 
onchia] tree but blood cultures were negative On the seventh postoperative day. hypo 
’tnna and vasopressors were discontinued liecau'C of improvement but. as on previous 
- fusions, each elevation of temperature was associated with ventricular tichvcardia On the 
t> th postoperative dav the patient developed hvpoUn=ion, ventricular tachvcardia and 
M ’illation, and died 

ea T’°d mortem examination renakd tint the prosthetic valve was well pine ed with patmt 
^oroaary ostia There were mas-ive old and recent myocardial infarctions 0 f the apex, of 
loft ''’utricle The empty heart weighed grams Although there was no evidence of 
nguM.on necrosis it is felt that the tm electrical shocks contributed to the obvious old and 
<-nt inv^xve infarction 5 : a cau^o of d^ath. 
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Case 4 L L (PBBH No. 4P675), a 32 y ear old man, had had scarlet fever at the 
ago of 9. He was discharged from the Army because of rheumatic heart disease Acute 
nephritis and polyarthritis occurred at 27 He then remained well until one month prior 
to hospitalization nhen he developed left ventricular failure, cough, dyspnea, orthopnea, pul 
monaiy edema, and exertional piecotdial pam radiating down both arms 

Physical examination: Hisfenens carotid pulses and pistol shot femoral pulses were 
present The lungs were clear. The liver edge was palpated two fingerbreadtlis below the 
costal margin The blood pressure was 145/40 nun Hg and the heart was in normal sinus 
rhythm A diffuse left ventricular heave was felt in the 6th interspace at the anterior 
axillary line Grade 3 aortic systolic and diastolic murmurs were heard 

Roentgenograms (Fig 10, C) and fluoroscopy revealed aortic valve calcification and 
marked left ventricular enlargement A definite rocking beat was present The transverse 
cardiac diameter was 65 per cent above predicted normal 

The electrocardiogram showed normal sinus rhytlun, left auricular enlargement, left 
ventricular hypertrophy, and an intraventrieular block. 

At transseptal cardiac catheterization there was no mitral or aortic giadient at a cardiac 
output of 4,3 liters The left ventricular end diastolic pressure was 29 mm Hg, indicating 
left ventricular failure Dye dilution curves indicated marked regurgitation 


Hospital course ■ Diuretics produced a weight loss of 4 8 kilograms At open op 
eration on bypass, free aortic regurgitation was found to be due to enlargement of the aortic 
base and shift of the mitial cusp There was slight calcification and commissural fu'ion 
The temperature was reduced to 26° C with a heat exchanger Tentacular fibrillation oc 
curred at 28 5 0 C. Both coronaiy arteries were perfused at appioximatelv 120 cc per minute 
total flow The left ventricle was vented through a No 38 plastic catheter Placement of 
the caged ball valve required GO minutes There were 22 ineffective shocks at 280 volts of 
1/20 of a second .Standstill was ultimately produced aftei giving 2 Gm of qumidme and 
a shock of ISO volts for 3 5 seconds The inability to jilace this massive ventricle in stand 
still with standard equipment clarified the need for more powerful defibrillators 

At autopsy the valve was well placed The empty heart weighed 1,120 grams and was 
dilated There was an old myocardial infarction at the apex of the left ventricle No evi 
deuce of coagulation type necrosis was found 

Case 5—K E (PBBH No 4P740), a 49 year old man, was first known to have heart 
disease at the age of 26, when a murmur was heaid He gave no history of acute rheumatic 
fever His first symptom, an isolated episode of syncope, occurred at the age of 34 after 
exertion Exertional dyspnea developed at 41 yeais of age and became progressive Two 
years before admission he had transient right sided weakness and aphasia This was tre 
with anticoagulants Maiked deterioration began a year prior to hospitalization An epi 
sode of fever and congestive failure suggested subacute bacterial endocarditis Pemc i 
was given, although an organism was never isolated On admission, lie was dyspncie a 

climbing one half flight of stairs and had orthopnea He did not have angina, hemoptv'-i , 
peripheral edema, or further episodes of syncope A vigorous medical and diuretic, progr. 
had resulted m a weight loss of 5 kilogiams during the preceding 2 weeks 

Physical examination Bisfenens caiotid pulses and pistol shot femoral puhes were 
pie^ent The blood pressure was 110/60 mm Hg and the heart was m normal sinus rlivt 
There were fine moist rales at bases of both lungs There was a moderate doi-snl 'JP 
scoliosis The livei edge was palpated tlnee fingerbreadtlis below the costal margin A ' " ^ 
left ventrieulai heave was felt in the sixtii interspace outside the antenor axillary me 
Grade 4 aortic systolic murmur and a Grade 2 aortic diastolic murium weic heard 

Roentgenograms (Fig 10, D) and fluoroscopy revealed marked left ventricular en a ^ 
ment, a tortuous ascending aorta, and heavy aortic valve calcification l > 

not. present The transverse cardiac diameter was 03 per cent above piedwted ^ ■ 

The electrocardiogram showed normal sums rliytlun with left ventricular hyper p • ’ 
first degree left bundle branch block, and first degree heart block 
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At trausseptal cardiac catheterization tlieie was a 29 mm Hg mean systolic gradient 
acro'5 the aortic vahe at a flow of 3 7 L/nnn Peak left ventriculai systolic piessure was 
141 mm Hg and the end diastolic was 31 mm Hg, indicating left ventricular failure Dye 
dilution curies indicated marked regurgitation 

Yentilatoiy studies showed a moderate reduction m all values. vital capacity, 2,31 L 
(55 per cent of predicted); maximum breathing capacity, 78 L (69 per cent of predicted); 
and timed ntal capacitj, 73 pei cent in one second 

Serum electroljtes and blood constituents were witlun accepted normal limits 

Hospital course After 22 dajs of intensive medical tlierapj, the Ever edge had re 
ceded to the costal margm, the lungs cleared, and the patient lost 6 more kilograms of 
weight At open operation, on bypass, aortic insufficiency' was due to contraction of all 
leaflets and a perforation in the base of the left coronarj cusp The right and left coronary 
bearing cusps were fused and lieanlj calcified The caged ball vahe was inserted as illus 
trated (see Figs 6 and 7). Bilateial coronarj' perfusion ;ueraged more than 150 c c. per 
minute total flow at normal tempeiatures A single reservoir made an estimate of individual 
artery perfusion impossible. The aorta was cross clamped for approximately 60 minutes but 
at 35 minutes the ventricle fibnllated During bypass, massive bleeding developed from 
all incised surfaces This necessitated rapid leplacement transfusions Ventricular fibnlla 
bon was successfully converted to arrest bj one shock of 250 volts at 015 second, but a 
sustained orderly contraction was not restored Continued bleeding necessitated 43 units of 
citrated blood witlun 2 hours Despite eontmued assisted circulation, resuscitativc efforts 
failed It was never possible to take this patient off of extracorporeal circulation 

In spite of apparently adequate coronary perfusion, ventricular fibrillation developed 
making evident the necessity for measured individual coronarj artery perfusion Tins pa 
tient s uncontrollable bleeding problem, requiring replacement transfusions w ith ACD blood, 
may hare imposed additional metabolic burdens and complicated the resuscitativc effort, men 
though there was the usual calcium coverage 

B Discussion of Cases .— 

In the first patient the immediate problem was inadecpiate venting or 
decompression of the left ventricle. In previous open-heart surgery, left 
auricle venting had been sufficient However, with the valve in place, a re- 
'erse transaortie gradient was not maintained and the valve became in¬ 
competent Pressure from the aorta was transmitted directly to the dilated 
left \entricle This afforded hj'draulie multiplication of the pump piessure 
so that the ventricle violently expanded The venting cannula was then re¬ 
al langed in subsequent procedures so as to pass tlnough the wall of the left 
auricle and the mitral vahe, diiectly into the left ventricle. Deeompiession 
could be controlled by aspiration fiom the roller pump or by gravity. 

The second patient was cooled to 28° C Partial coionary pei fusion v ith 
impeifect appaiatus was earned out Theie was good left vcntiicular de¬ 
compression through a Xo 38 Bardic cathetei * The heart went into ventiicu- 
•ai fibiillation at 29° V Following vahe inseition, the heait spontaneously 
reverted to a icgular ihytlim as the patient’s tempciature rose to 32° C. She 
has done exticinely well since Her rocntgenogiams are shown in Fig ]] 
■'he docs not base an extiemely large ventricle. This may account for the 

success 

The third patient had a much laigci ventricle (Fig 10. 71), both dilated 
and hy pcitiophied In spite of adequate deeompiession of the left ventricle 

# C Ti Bard Inc Summit V J 
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the heart fibrillated and defibrillation was not effective until the tenth shock 
of 280 A r olts at 1/20 sec. Thereafter he could maintain an effective blood 
pressure only with vasopressors and at a body temperature of 34° C. 'When¬ 
ever the temperature was brought to normothcrmic levels, tachycardia became 
excessive and ventricular irritability increased. After 7 days of such hypo¬ 
thermia and in the presence of a gradual increase in pidmonary infection yet 
general improvement, the patient was warmed. This was found incompatible 
with his heart function. He had cardiac irritability, ventricular fibrillation, 



Fig'. 12.—Coronary perfusion apparatus for separate perfusion of coronary arteries. 


and succumbed on the eighth postoperative day. His difficulty at operation 
stemmed initially from ventricular fibrillation, then secondarily to the inability 
to defibrillate promptly. It was thought that coagulation damage had. been 
caused by the midtiple shocks but evidence on microscopic examination is 
lacking. He did, however, show a massive old and recent apical myocardw 
infarction. The old lesion antedated the operation. It is interesting and 
perhaps significant to know that a vigorous left ventricle and markedly actne 
aortic arch had been observed in previous years, but on admission to the 
hospital the arch and ventricle were quiet. Presumably the infarction anc 
failure accounted for this. 

The fourth patient had a still larger ventricle (Fig. 10, C) although in a 
better state of compensation as attested by the end-diastolic pressure and by 
the vigor of the pulsation. This cagcd-ball valve was placed without difficul } ■ 
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Decompression was good but ventricular fibrillation refractory. Two hundred 
and eighty volts at 1/20 second did not cause standstill. It was not until 
the twenty-third shock, until another defibrillator delivering 130 volts for 
3/s seconds, that this ventricle was arrested. However, a satisfactory beat 
was never restored. Although evidence of coagulation necrosis is not clear 
in the microscopic specimens of heart muscle, we find it difficult to believe 
that the 22 ineffective shocks of 280 volts were not related to this death. This 
patient demonstrated the necessity for better coronary perfusion and a more 
powerful defibrillator that could produce standstill in such a massive ventricle. 
Apparently these ventricles may have been so large as to render ordinary 
defibrillators inadequate. 



Fig 13 —Handle** an*l tips of the coronarj cannulas 

The coronary perfusion equipment had a common trunk of origin from 
the reservoir, so we could not tell how much of the blood was being delivered 
to cac h coronary artery. Furthermore we had not fully appreciated the im¬ 
portance of perfusing both coronary arteries. Contrary to the popular im¬ 
pression, Sehlesinger-' showed that in all but IS per cent of people the right 
coronary artery supplies a significant part of the left ventricle or septum. 
J his pointed up the necessity for effective perfusion of both arteries and 
independent reservoirs so that the flow to each could be verified. 

The improved coronary perfusion apparatus (Fig. 12), handles and tips 
Hlg. 13), were then devised. 1 ' A defibrillator with a set time interval of 
() -15 second and a variable manual time control delivering up to 250 volts 
"‘as then obtained.! 

•Manufactured b> Da\ol Company, Pro\ Idemo, ft ft 

tnicctroUjne Comj>in\. Norwood. Mass 
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In the fifth patient, the incision at the base of the aorta was extended to 
afford better exposure and perfusion of the coronary arteries (see Fig. G). 
Even so, the heart did fibrillate. More effective shock brought this large 
ventricle into standstill followed by a transient organized beat, but this was 
neither effective nor sustained. However, this patient presumably died be¬ 
cause of a bleeding problem. Forty-three eitrated blood transfusions were 
given in approximately 2 hours, but the bleeding became steadily more pro¬ 
fuse from all incised surfaces. This may have contributed to or caused the 
failure. Excess citrate or the alkalosis resulting from its oxidation are both 
hazardous in the digitalized cardiac surgical patient, despite the measures 
commonly used to prevent citrate “toxicity.” 22 

COMMENT 

At this point it is clear that this valve and the technique of placing it 
do not constitute a solution to the problem of aortic insufficiency in patients 
who have markedly dilated left ventricles in failure. The roentgenograms 
(Fig. 11) indicate that the only survivor with a complete prosthesis was a 
woman who had a smaller ventricle than those who died (Fig. 10). 

We plan to continue this effort. The combination of better coronary 
perfusion, perhaps hypothermia at 32° C., improved left ventricle decompres¬ 
sion, and adequate defibidllating apparatus may allow the necessary time 
(50 to 70 minutes) for valve installation. 

So far we have not been able to use our synchronized pulsatile pump- 3 
effectively in this situation. It has been impossible to synchronize the pump 
inflow with the disorderly ventricular complex. Possibly this apparatus may 
be rendered useful by changing the activating impulse from the R wave of 
the electrocardiogram to the alterations in aortic pulse pressure. 

This group of patients threatens to remain beyond surgical correction. 
On the other hand, if they can he salvaged by a suitable prosthesis, we can 
apply this knowledge to the treatment of combined aortic stenosis and re¬ 
gurgitation and, later, to pure stenosis. Better valves than the caged-ball 
valve may well be developed, but the site and technique of insertion described 
here seem valid and the testing equipment may continue to be useful. 

SUMMARY 

1. Anatomic and pathologic features of aortic insufficiency are reviewed. 

2. The rationale for nonflexiblc cusp extension on the neutral flexible 
cusp is presented. 

3. The clinical experience with 4 patients who had nonflexible prosthetic 
cusp extension in aortic insufficiency is mentioned. 

4. The requirements for testing total aortic valve prostheses as to compe¬ 
tence, resistance, fatigue, and trauma to blood elements arc mentioned and 
certain testing equipment is described. 
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5. Special problems of decompressing (sumping) the left ventricle with 
reference to mural tension and ventricular dilatation are pointed out. 

6. Shortcomings in conventional coronary perfusion equipment and de¬ 
fibrillation are considered and better equipment is described. 

7. Consideration is given the problems encountered in four unsuccessful 
operations involving total aortic valve insertion in patients with free in¬ 
sufficiency with dilated left ventricles in failure. 

8. A case of successful total aortic valve replacement with a caged-ball 
valve is reported. Future possibilities of this technique are considered. 

Appreciation is expressed to Hr Ernest I. Kilcup, President, and Dr. William A. Gants, 
Director, of Professional Product Development of the Davol Company, Providence, R. I., for 
their help. 

Special recognition and appreciation are due Mr. W. Clifford Birtwell, Chief Research 
Engineer of the Davol Company, for his remarkable ability to design and produce these valves 
and testing equipment. 
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SURGICAL TREATMENT OF VENTRICULAR SEPTAL DEFECT 


John IF. Kirklin, M.D., Dwight C. AIcGoon, AID., and 
James IF. DuShane, M.D. (by invitation), Rochester , A linn. 

P vtiexts with severe pulmonary hypertension and infants pose the greatest 
challenges in the surgical treatment of ventricular septal defect. In otliei 
circumstances good results have been obtained with relative ease. The ex¬ 
perience here reported indicates that, by application of proper techniques, a 
low hospital mortality can be achieved in infants as well as in patients with 
most types of ventricular septal defect w ith severe pulmonary hypertension. 

M VTERIVL 

All 320 cases in which ventricular septal defect was treated on one surgical 
service at the Mayo Clinic prior to April 1. I960, are included in this study. 
Results in the total group operated upon in this clinic are similar, but their 
inclusion would have introduced additional variations in technique and manage¬ 
ment. making analysis more difficult The history, operative reports, chest 
roentgenograms, electrocardiograms, and neei’opsy findings from each case were 
reviewed individually. 

Cases of tetralogy of Fallot, as previously defined. 1 have not been included, 
likewise, cases in which the interventricular communications vv ere part of the 
malformations known as complete common atrioventricular canal, simrle ven¬ 
tricle. origin of both vessels from right ventricle, infundibular pulmonarv 
‘■tenosis with tiny ventricular septal defect, or corrected transposition of the 
"■cat vessels have been excluded 

Associated malformations other than pulmonary stenosis are listed in Table 
R Pulmonary stenosis is not included in the table, since patients with this 
entity- are categorized separately in the section on results. The lesions indicated 
"ere corrected at the time of repair without complication, except for severe 
mitral and aortic valvular insufficiency and the combination of patent ductus 
mtcrio sus and coarctation of the aorta These also will be considered separately 

... From the Sfttione of Surccr' an 1 P. diatrlcr. Mn\o Clinic nnd Mi'o Foundntlon. 
• '■m-dtr, M,nn 

I T,|r M-ijo Foundation. P.ochoetor, Minnesota, is n. Port of tin Gndtntc School of tlio 
morcjtt of Minnesota. 

,, ..Uf-td -it th» Forthth \nnunl Mr.timt of T!i» Am'TK'-n V'-od-ition for TI oracic Surrcrv 
1,1 -VUami B'-ich. Fla, Mn 11-13. 19Gn 
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under results. The shunt across a high ventricular septal defect was recog¬ 
nized as being wholly or in part into the right atrium in 20 cases. In 15 of 
these, pulmonary hypertension was only mild or moderate. 

Table. I. Certain Associated Cardiovascular Anomalies in 320 Cases With Operation 

for Ventricular Septal Defect 


__ anomalies cases 

Repaired at Time of VSD Repair 

Atrial septal defect 
Patent ductus arteriosus 
Aortic-pulmonary fistula 
Aortic-valve insufficiency 
Mitral-valve lesions 

Stenosis 

Insufficiency,* severe 

Coarctation of aorta and patent ductus arteriosus 

Not Repaired at Time of VSD Repair 
Aortic-valve deformity with minimal stenosis 
Mitral-valve insufficiency,* mild 

Anomalous right coronary artery supplying left anterior descending arteryf 
Coarctation of aorta 
Persistent left superior vena cava 
Stenosis of right or left pulmonary artery 
Absence of left pulmonary artery 
Right aortic arch 

‘Exclusive of endocardial-cushion defects. 

fPreserved without damage in all cases. 

Patients were categorized as having mild pulmonary hypertension when 
pulmonary-artery systolic pressure was 45 per cent or less of systemic-artery 
systolic pressure, moderate pulmonary hypertension when it was between 45 
per cent and 75 per cent of systemic-artery pressure, and severe pulmonarj 
hypertension -when it was 75 per cent or more of systemic-artery pressure. Pa¬ 
tients with severe pulmonary-artery hypertension were further divided into 
those whose pulmonary/systemic blood flow ratios were high (1.8 or more), 
moderately elevated (1.3 to 1.8), and low (less than 1.3). When complete data 
had been obtained by cardiac catheterization without anesthesia, they were used 
for classification of the case. In some instances, particularly among' small chil¬ 
dren, the conditions existing during cardiac catheterization result in hypoven¬ 
tilation. Values for pulmonary-artery pressure then tend to be abnormal!' 
high, and those for pulmonary/systemic flow abnormally low. This can make 
a patient appear less favorable for operation than in fact he is. In such in¬ 
stances, the patient was categorized according to the clinical data and the pres¬ 
sure measurements which were made routinely at the time of surgery. These 
findings alone were utilized in cases where preoperative catheterization data 
were not available. The clinical data were derived from physical examination, 
the chest roentgenogram, and the electrocardiogram. For the most part, criteria 
used for categorization of the patient on the basis of these data have been va i- 

dated previously. 2 6 . 

Defects immediately below the aortic leaflets are called high ventneui 
septal defects. Although they vary considerably in their exact relation to t« 
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tricuspid-valve leaflets and in their size, basically similar techniques of repair 
can be used for all. With some high defects, a small muscular defect was asso¬ 
ciated. A special category of high defects are those immediately beneath the 
commissure between right and left aortic cusps, and thus immediately beneath 
the pulmonary valve. Certain defects not immediately beneath the aortic leaf¬ 
lets are triangular, with their eephalad margin formed by the tricuspid valve. 
Frequently some of the chordae tendineae of this valve are attached to a pap¬ 
illary muscle within the left ventricle. Very often there is a cleft in the anterior 
mitral leaflet alone or in combination with one in the septal leaflet of the tri¬ 
cuspid valve. These are believed to be endocardial-cushion defects. Defects in 
the muscular septum are removed from both aortic and tricuspid valves. When 
three or more such defects are found, the septum may be in fact multifenes- 
trated, and this situation is designated “Swiss cheese” septum. 

Wien the repair is adjudged complete by postoperative cardiac catheteriza¬ 
tion or careful clinical study, the ventricular septum is termed closed. In cases 
where postoperative cardiac catheterization has not yet been done, bnt the clini¬ 
cal findings are suggestive although not indicative of residual shunt, the result 
is termed indeterminate. The septum is termed open when clinical or catheteri¬ 
zation data indicate the presence of a shunt after operation. 

After careful review of all the pertinent data and with realization that ab¬ 
solute accuracy is not possible, a cause was assigned for each death (Table II). 
Several of these causes have been commented upon previously.' 

methods and surgical technique 

Operation was advised for all patients with severe pulmonary hyperten¬ 
sion whose pulmonary/systemic blood flow ratio was thought to be greater than 
*•" Fifty per cent of patients in the series were from this group. Patients 
having ventricular septal defect without pulmonary hypertension, without evi¬ 
dence of cardiac enlargement or hyperemia of the lungs in the chest roentgeno¬ 
gram, and without electrocardiographic abnormality were not operated upon. 

A Gibbon-Mayo pump-oxygenator was used in all cases. Since the fall 
°f 1958, a modified apparatus incorporating reduced priming volume and 
mechanical filming of the oxygenator has been employed in operations on infants 
a ufl small children. Some of the characteristics of perfusions in the early ex¬ 
perience have been described/- 6 In the last 2 years, flow rates have been 2.2 
b. per minute per square meter (for adults) to 2.4 L. per minute per square 
meter (for children), and temperature has been maintained at 37° C. by the 
IISC of a Brown-Emmons heat exchanger. 9 

Anesthetic and postoperative management have been described. 10 ' 11 Recent 
improvements include the use of halotliane (Fluothane) as the anesthetic agent 1= 
'dianee upon systemic venous and arterial blood pressures rather than blood 
mlance figures as guides to administration of blood, and more vigorous soekijm 
° Uf treatment of metabolic acidosis in patients having low cardiac output 
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away fvom the free edge of the septum, since it is in this area and at the pos¬ 
terior angle that damage to the bundle of His is most apt to occur. Along the 
ceplialad edge of the defect the stitches actually lute firmly into the root of the 
aoita. just missing the aortic leaflets, which must lie clearly visualized. Many 
defects in their anterior portion veer downward away from the aortic leaflets 
ami here the stitches are placed only in the muscle. An assistant, by traction 
on the aortic clamp, brings the aortie root down against the septum as the 
stitches are being tied under precisely the proper tension. 

Defects immediately beneath the pulmonary valve are usually somewhat 
triangular. Unless the defect is small, a prosthesis of Teflon is used. Endo- 
eardial-eushiou defects are characteristically triangular and require the use of 
a prosthesis. All muscular defects have been repaired by direct suture. 



H-External electrodes--Inlernol electrodes-H 

H-Pacemaker only on indication—>H-Pacemaker routinely->-| 

^-Beating heart-3—- Asystole- 

(<Rhythm momlored>f<—Bundle of His ignored—>fPresenl suture technicd 

for high VSD 

l£l ' *•“ Incidence of heart block and pertinent Item* of management following repair of ten- 

tncular septal defect 


RKSULTS 


Hospital Mortality .—The mortality was high—43 per cent—among the 1-4 
Patients with certain additional serious cardiovascular anomalies (Tabic 111). 

to combination of patent ductus arteriosus, coarctation of the aorta, and von- 
Ifieular septal defect was not recognized preoperatively in 3 of the 4 patients 
h occurred, and lienee caused an especially hivh mortality in this 
" ruup - In or<le e to isolate the risk of surgery specifically for ventricular septal 
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defect, the 14 patients with these particular associated anomalies have been 
excluded from the further observations on mortality. 


Table III. Hospital Mortality With Operation for Ventricular Septal Defect in 
Patients Having Certain Associated Anomalies 



1957* 

1958 

1959 

TOTAL 

associated anomalies 

DEATHS | CASES 

DEATHS | CASES 

DEATHS) CASES 

DEATHS | CASES 


Severe mitral-valve incom- 


^ petence 2 3-1-125 

Severe aortic-valve incom¬ 
petence -- - 11415 

Patent ductus arteriosus 

and coarctat ion - It - - 3 3t 3_ 4 

•In all tables and In the text, the period designated by a year extends from April 1 of 
that year to April 1 of the following year. 

tCoarctation mild. 

Tin 1, patent ductus arteriosus and coarctation corrected one year previously. 

In the remaining group of 306 patients with ventricular septal defect 
(Table IV), the hospital mortality had dropped to 9 per cent in 1959. Particu¬ 
larly striking in that year is the rate of 6 per cent among the 18 patients 2 
years of age or younger. Eight of these were infants, lass than 1 year of age, 
in severe cardiac failure. The one death was in such an infant who at surgery 
was found to have an endoeardial-cushion type of ventricular septal defect. 


Table IV. Hospital Mortality Following Repair of Ventricular Septal Defect 

(306 Cases), Related to Age 


^ £ 

£8 

j 1955 

1 1956 

1 1957 

1958 

1959 

iiosr. | 

DEATH j 

' 

TOTAL 
CASES| 

JIOSP. 
DEATH | 

1 

TOTAL 
CASES| 

iiosr. 

DEATH 

B 

HOSP. 

DEATH 




! NO. , 

1 % j 

NO. , 

1 % 1 

1 , 

i % | 

1 NO. , 

! % 1 


MM 

0-2 

5 

63 

8 

8 

67 

12 

_ 

0 

7* 

6 

35 

17 

1 

6 

18 

3-4 

1 

25 

4 

_ 

0 

10 

2 

14 

14 

3 

20 

15 

3 

19 

16 

5-7 

1 

17 

6 

5 

42 

12 

1 

5 

20 

— 

0 

IS 

2 

9 

2d 

8-14 

2 

15 

13 

1 

9 

11 

3 

21 

14 

1 

6 

16 

2 

10 

21 

> 14 

- 

0 

2 

3 

60 

5 

1 

20 

5 

- 

0 

11 

0 

0 

8 

Totals 

9 

27 

33 

17 

34 

50 

7 

12 

GO 

10 

13 

77 

8 

9 

86 _ 


*No infants under 1 year of age. 


Patients with mild or moderate pulmonary-artery hypertension, as well as 
those with pulmonary stenosis, have been operated on with a reasonable mor¬ 
tality throughout this experience (Table V). In the last 2 years, among the 
76 patients in these categories, the only deaths occurred in 2 infants in cardiac 
failure operated upon in 1958. Patients with severe pulmonary-artery hypo¬ 
tension, as a group, had a significant hospital mortality rate, although it vas 
reduced to 24 per cent in 1958 and 20 per cent in 1959. The pulmonnij 
systemic blood flow ratio does appear to affect the risk of operation, since pai- 
ticularly in the last 2 years the risk was low where this ratio was high. 

The “Swiss cheese’’ type of defect and endoeardial-cushion defects have 
been associated with a higher hospital mortality than the other types (Table 
VI). In 1959, the risk of surgery was only 4 per cent in eases of high ven¬ 
tricular septal defect with severe pulmonary hypertension. 
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Causes of Death (Table II). —Complications considered to be the result of 
the perfusion technique, those in Group 1, caused most of the deaths in 1955 and 
1956, but almost none thereafter. Acute early pulmonary complications disap¬ 
peared by 1957. Tracheostomy was necessary occasionally in 1955 and 1956, 
but has been used in only 3 eases in the last 3 years. Unexpected sudden death 
and respiratory failure occurred in S patients—all infants—in 1955 and 1956. 
The low hospital mortality in infants in the last 2 years was achieved in large 
part by the near elimination of these types of deaths. The absence of renal 
or gross cerebral complications from the entire series is noteworthy. 

The deaths tabulated in Group 2 represent inadequate surgical procedures 
or improper postoperative care. Group 3 includes those deaths which were 
due to disturbances of cardiac rhythm. In Group 4, all patients dying of low 
cardiac output had severe pulmonary hypertension. The patient who died in 
the operating room of acute right ventricular failure, manifested by falling left 
atrial and systemic arterial pressures and rising right atrial pressure, had 
identical pulmonary-artery and aortic pressures after repair of the defect as 
'veil as prior to it. 

Table II again indicates that, in all years, patients who either had severe 
pulmonary hypertension or were of very small size were the most likely to 
have fatal complications. Thus, the hospital mortality in 1955 and 1956, when 
°perative and perfusion inadequacies definite^' were present, would have been 
lower if both infants and all patients with severe pulmonary hypertension had 
been denied operation. 

Heart Block. —The incidence of heart block is depicted in Fig. 1, along 
"'ith pertinent matters of technique. With the teclmique presently used, the 
Wcidence of permanent heart block was 4 per cent in 195S and 2 per cent in 
1959. 

Six of the 8 patients in whom temporary or permanent heart block de- 
'cloped during 1955 and 1956 died in the hospital. Use of an internal electrode 
and routine driving of the heart with an electrical pacemaker 18 reduced the 
hospital mortality significantly, with 12 deaths among the 38 patients having 
temporary or permanent heart block in 1957, 1958, and 1959. Yet the contin- 
uing serious import of permanent heart block is indicated by the fact that 
although in 1957 9 patients with complete heart block left the hospital alive, 

1 of them died some months later from Stokcs-Adams attacks. 

There were no instances of heart block after repair of a muscular defect 
a defect immediately beneath the pulmonary-valve ring. Block occurred 
1,1 1 patient with a “Swiss cheese" defect, and in 3 of the 11 patients with 
endocardia 1-cushion defect. 

Completeness of Repair.— Regrettably, in 1955, one third of the patients 
bad an open ventricular septum after operation (Table VII). This resulted 
bom inexperience in methods of exposure within the right ventricle, haste dur- 
»'g the repair because of doubts as to the safety of perfusion, uncertaintv as 
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io exact pathologic anatomy in many instances, and lack of knowledge con¬ 
cerning proper techniques for closure of the defect. 'When insertion of a stitch 
produced atrioventricular dissociation, it was removed. Reluctance to replace 
it in that position frequently residted in incompleteness of repair. 

The adoption of induced asystole in August, 1956, provided better ex¬ 
posure within the heart. Confidence as to the safety of perfusion allowed more 
deliberate intraeardiac surgery. The technique of repair was directed solely 
toward obtaining complete closure of the defect. Since knowledge of the cause 
oi he art block was incomplete at that time, no attempt was made to avoid the 
region occupied by the bundle of His. Consequently, the incidence of open 
septum among patients operated upon in 1957 was reduced to 5 per cent, but 
the incidence of permanent heart block rose sharply to 23 per cent. 



t --—Technique of repair of high ventricular septal defect o. Anatomic situation 

^ri n i an - retrac t° r elevates the anterior corner of the defect The first stitch is placed 
th»1 ,n nianner shown, with care to avoid the free edee of the septum posterior to 

tK kVwkJi^ nu >^cle of the conus c. After all stitches are placed, the posterior one is tied 
f*-Venrv° l - L ,nc on lIie richt atrial aspect of the base of the tricuspid leaflets, rf. Xo inter- 
tricus P , d function is produced. Xo chordae tendin^ae are several and no incision 
j.iue in tiie tricuspid leaflets. 


This necessitated the chancre to the technique of repair used in 1958 and 
lTin (Fig. 2). Probably because stitches near the posterior angle of the liitrh 
'^utricular septal defects were improperly located or too shallow, the incidence 
° ! open septum after operation rose to 10 per cent in 195S. In 1959 the in¬ 
cidence of known incomplete repair was reduced to 4 per cent. Since in this 
experience the presence of an open septum has always become manifest 
after operation, it is not feared that a longer follow- 
tliis iisrin-e. 


soon 

c-np nil) appreciably alter 


The "Swiss cheese- type of defect, by its nature, continues to he sometimes 

e\-n ’ 1 ° f t, ; ,aI tVpair -. ; ,rop " l,,1 dcrstandin" of the anatomy and methods of 
M osttro and repair ot the endoeard.al-eushion type of ventricular sept-,1 de 
*°ct have only recently been acquired. 



774 


KIRKLIN, MCGOON, DU SHANE 


J. Thoracic and 
Cardiovas. Surg, 


COMMENT 

Good results at a low hospital mortality have been obtained throughout 
this experience in children and adults having mild or moderate pulmonary 
hypertension. A similar experience is reported by others. 19 ’ 20 Improved knowl¬ 
edge and techniques, gained through the investigations and experiences of oth¬ 
ers and ourselves, were required to achieve good results in infants and in pa¬ 
tients with severe pidmonary hypertension. 

The avoidance of deleterious effects from perfusion is probably more dif¬ 
ficult in infants than in large patients. High flow rates were employed in the 
last 2 years, and use of substances such as antifoam was eliminated. The pos¬ 
sibility of gaseous emboli was minimized by careful control of the temperature 
of blood before and during perfusion and by an alteration of the intracardiac 
sucker system. Use of a mechanical filmer for the oxygenator eliminated the 
hemodilution associated with the previously used saline filming technique. 
Maintenance of anesthesia by Fluothane, rather than by intravenously admin¬ 
istered agents supplemented by relaxants, assured rapid recovery of the infant 
from the effects of anesthesia. 

Good results in patients with severe pulmonary hypertension require a pre¬ 
cise surgical technique and careful management after operation. The closure 
of high defects by direct suture, as practiced in the last 2 years, has resulted 
in a high incidence of complete repairs and a low incidence of heart block. In¬ 
duced asystole provides excellent exposure, and has not seemed to add signifi¬ 
cantly to the risk of the operation. In the last few years, patients in this cate¬ 
gory usually have had an uncomplicated course. Occasionally there is evidence 
of low cardiac output early after perfusion, and failure to treat it vigorously 
resulted in some deaths. Maintenance of proper blood volume, prompt action 
against the metabolic acidosis which usually becomes marked under these cir¬ 
cumstances, and digitalization, when required, have virtually eliminated this as 
a cause of death in our recent experience. 

SUMMARY 

An analysis is presented of 320 consecutive cases of ventricular septal de¬ 
fect in which operation was performed at the Mayo Clinic. A low hospital 
mortality and good results were achieved throughout the 5-year experience m 
older patients with mild or moderate pulmonary hypertension. Early, the 
mortality was high among infants and among all patients with severe pul¬ 
monary hypertension. Refinements in techniques of perfusion, operation, and 
management produced markedly improved results in these groups. 
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THE CLOSURE OF ATRIAL SEPTAL DEFECTS 
UTILIZING GENERAL HYPOTHERMIA 

The Effectiveness of Treatment as Determined by Cardiac Catheterization 

Andrew G. Morrow, M.D., Joseph W. Gilbert, M.D. (by invitation), 

R. Robinson Baker, M.D. (by invitation), and N. Perryman 
Collins, M.D. (by invitation), Bethesda, Md. 

I N 1954 a number of surgical methods for the correction of atrial septal defect 
were in use at various centers in this country and in Europe. Among the 
most popular of these were atrioseptopexy, 1 ’ 2 various other methods of external 
suture, 3 ’ 4 and the cireumclusion operation devised by Sondergaard. 5 The atrial 
well, introduced by Gross, 0 was found to permit a direct approach to these lesions 
and this technique was adopted with considerable success by Kirklin and his 
associates. 7 ’ 8 At about this same time, Lewis 0 and Swan 10 demonstrated the 
safety and practicability of general hypothermia and showed that the extended 
period of circulatory occlusion made possible by hypothermia provided oppor¬ 
tunity for the suture of atrial septal defects under direct vision. The open 
operation with hypothermia appeared to have distinct advantages over the 
various closed or semi-open techniques and this method was selected for use at 
the National Heart Institute. Between 1954 and 1957, 36 patients with inter¬ 
atrial communications were operated upon with general hypothermia. In 31 
patients, in whom repair was carried out, opportunity was afforded for an 
assessment of the effectiveness of the closure by postoperative cardiac catheteri¬ 
zation or autopsy examination. The results of these studies, a description of the 
techniques employed, and a discussion of the factors limiting the effectiveness 
of the method are presented. 


CLINICAL MATERIAL AND DIAGNOSTIC METHODS 

The 36 patients ranged in age from 6 to 49 years; only 11 of them weie 15 
years or less. With one exception, eacli presented the characteristic physica , 
radiographic, and electrocardiographic findings of atrial septal defect. In t ie 
1 patient, subsequently shown to have incomplete atrioventricular canal, t ie 
electrocardiogram revealed left axis deviation. Cardiac catheterization was pci 
formed in every patient and in each a Ieft-to-right shunt entering the ligi 
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ctrinm was demonstrated. At the National Heart Institute, the presence, loca¬ 
tion. and magnitude of left-to-riglit shunts are determined by the results of in¬ 
dicator-dilution curves and inert foreign gas tests. In the latter method the 
patient inhales nitrous oxide (N ; 0) or radioactive krypton (Kr 53 ) for 30 seconds 
as blood samples are drawn simultaneously from the light heart or pulmonary 
artery and a peripheral artery. The presence and magnitude of any left-to-right 
shunt are indicated by the relative amounts of inert gas present in the two 
samples. 11 - 12 The N 2 0 test has been proved to be distinctly superior to the 
method of measuring oxygen differences in several hundred patients studied by 
both techniques. It not only prorides a more sensitive method for detecting a 
shunt but furnishes a reliable estimate of its magnitude in terms of the ratio of 
pulmonary to systemic blood flow. 13 A summary of the data obtained at right 
heart catheterization is presented in Table I. 

Significant pulmonary hypertension, that is. a mean pulmonary arterial 
pressure greater than 22 mm. Hg. was present in 13 patients. In 2 of them 
(f • R. and T. S.) the pulmonary and systemic pressures were equal and the shunt 
across the atrial defect was bidirectional. The presence of a sinus venosus 
bipeof defect with partial anomalous pulmonary venous drainage was established 
"i - patients by the catheter position: indicator-dilution curves were not 
routinely employed to characterize the' drainage pathways of the pulmonary 
''-ins at that time. 

OPERVTIVE TECHNIQUE AND FINDINGS 

Every patient was digitalized before operation because of the experimental 
emonstration that myocardial failure occurring with circulatory occlusion 
1 rung hypothermia could be prevented by digitalis. 11 For each patient, 500 e.c. 
01 neshly drawn heparinized blood was o.wgenated bv bubbling oxygen through 
ana used for gravity perfusion of the coronary arteries during the period of 
cardiotomy. 10 ' 10 After the induction of anesthesia with pentobarbital, succinyl- 
In o, and nitrous oxide, the patients were cooled by immersion to an 
esophageal temperature of 32 c to 33° C. The temperature drifted to an ultimate 
\e of 29° to 30° C. at the time of inflow occlusion. Mechanical ventilation 
uth 65 per cent oxygen and 35 per cent nitrous oxide was provided. A right 
aeotomy was employed early in the series but median sternotomy was utilized 
n 'bo majority of patients. After the venae eavae had been encircled with 
Th fS - the aseen ding aorta was freed to permit subsequent occlusion (Fig. 1). 
tl t ^ S ' Ze an< ^ P° s 'bon of the defect, the entrances of the pulmonary veins and 
competency of the mitral and tricuspid valves were assessed by palpation 
1 °ugli the right atrial appendage (Fig. 2). A partially occluding clamp was 
°a to the wall of the atrium and a generous incision made within the ex- 
ed segment (Fig. 3). The venae cavae were then occluded and after the 
'•'> y.as allowed to empty, the aorta was cross-clamped below the origin of the 
the° m ' na *° artcr - v ‘ The coronary perfusion needle (Fig. 3) was inserted into 
- sorta and oxygenated blood perfused by gravity from a reservoir elevated 
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x>r —Surgical exposure emploved in the direct closure of atnal septal defects with 

''t-n 1* Wthermia A. median «temotom\ rather than a tran*5\ tr**e thoracotonn ua« mo«t 
11 empioved 




780 


MORROW ET AL, 


J. Thoracic and 
Cardiovas. Surg. 



I^ig. 3.-~-The right atriotomy is made over a partially occluding- clamp. The coronarj 
perfusion needle (designed by Dr. James Jude) will be inserted through the mattress suture in 
the wall of the aorta. 
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100 cm. above the table. In the first 9 patients, the defect was closed with a 
single continuous suture, but, in all subsequent ones, two layers of sutures were 
placed. The first was a continuous everting mattress suture which was drawn 
up after it had been placed and as the left atrium was flooded with blood from 
the inferior vena cava. The everted margins of the defect were then approxi¬ 
mated by a second over and over row (Fig 4). The right atrium and ventricle 



' *’ JUie method employed for the correction of the =inus xenons npe of defect by direct 
•-uiurc (From Bahnson, Spencei, and Neill J Thoracic S uiig 3G 777, 195S ) 

1 e tlion filled with blood, the clamp reapplied to the atriotonn and tenons to- 
11('stored. The periods of circulatory occlusion ranged from 3 to 9 minutes 
' m a ' 01 ''iged o.o minutes 

- °f the 4 patients with sinus tenosus delects and anomalous drainage of 
' ll Pl>cr and middle lobe pulmonary tons, an attempt at complete correction 
Mrf ,na ^ 0 ^ ,,V ^’ e nu '" 1,K ^ described lit Bahnson 17 (Fig o) In the others, the 
. '^'cet was closed and the pulmonary arteries supplying the upper and 
' '• hibes were ligated A description of the lesion encountered in the tv- 
‘ l!II,ll ~ patients is included in Table 1 
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RESULTS 

Three patients died after operation. In 1 (M. M.) the unsuccessful attempt 
at correction of incomplete atrioventricular canal was followed by irreversible 
ventricular fibrillation. Patient C. R., with pulmonary hypertension and bi¬ 
directional shunt, died after 12 hours, and L. H. died suddenly on the tenth 
postoperative day after the onset of an acute arrhythmia. In eacli of these 2 
patients, complete closure of the defects was demonstrated at autopsy. A fourth 
patient (B. C.) died at home 1 j r ear after operation; no postoperative catheteriza¬ 
tion had been performed. In 1 patient (J. T.), a defect, estimated by palpation 
to be more than 7 cm. in diameter, was present and closure was not attempted. 


PRE-OP N 2 0 INDICES (%) POST-OP 



Fig. 6.—Nitrous oxide indices recorded at cardiac catheterization before fje/b* oxide 

(right) operation in 31 patients with septum secundum or sinus venosus defects. " nIt I„ ps 0 f 

index of 15 per cent or greater indicates the presence of a left-to-rig:ht shunt. Ana 
40 and 60 per cent indicate pulmonary to systemic flow ratios of 1.5 and 2.5, respecu 


Postoperative cardiac catheterizations were carried out in the 31 surviving 
patients with sinus venosus or septum secundum defects in whom correction me 
been attempted. The results of these studies are presented in detail in Table 
and shown graphically in Fig. 6. The N 2 0 indices were clearly indicative o a 
residual left-to-right shunt in 10 patients. In 7 of these patients, the shunts 
were of relatively large magnitude and the pulmonary to systemic flow if ties 
were 1.4:1 or greater. In each patient in whom the results of N 2 0 tests in i 
cated a residual shunt, arterial indicator-dilution curves recorded after rig it 
heart injection were also abnormal and confirmed the presence of a persistent 
communication. 


COMMENT 

Atrial septal defects of the usual or secundum variety are anatomical!' 
distinct from those of the sinus venosus type and the results of operative tree - 
ment must be considered accordingly. In each of the patients with sep i 
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secundum defects, regardless of size, closure was of necessity carried out by 
direct suture and it was considered likely that the frequency of incomplete 
repair would be higher among patients with defects of large size. In Fig. 7 the 
incidence of complete repair is plotted in relation to the size of the defect en¬ 
countered at operation. It can be seen that there is no absolute correlation 
between the size of the defect and the incidence of incomplete closure. It was 




operated upon The initials Sr indicate sinus \enosus defect' 


)r ln * 01 ‘ es t, however, that of the seven largest defects (G cm or creator in diame- 
r '!ih l0Ur ' Vcre °P eu ail d °f the thirteen smallest ones (3 cm. or less in diameter) 
i",r ^ irco were incompletely repaired. In Fig. S the operative result is similarly 
r ca . ^ m t the patients are arranged in the chronological order in which the 
, 1 j,) t | allons '"'ere carried out. It is apparent that complete closure was achieved 
tV- " rcn ' ci frequency late in the series, reflcctinc increased familiarity with 
r , Ration and more deliberate attention to the repair It should he pointed 
>o\\ever, that among the first 1G patients only 1 was a child, aged 1.7 years 
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less, while among the last IS patients 10 were in this age group, men age 
alone was considered m relation to the effectiveness xif the operative treatment oi 
secundum defects it was found that among the 9 children only 1 had a residual 
snmt while m the 21 adults a residual shunt was present in 7. There was no 

correlation between the adequacy of repair and the duration of circulatory 
occlusion. ' 


In 2 patients with sinus venosus defects (D. S. and D. E.) only the interatrial 
communication was closed and the segmental pulmonary arteries supplying the 
upper and middle lobes were ligated. In each, the magnitude of the left-to-right 
s nint was leduced, but the residual shunt, presumably from the anomalous veins, 
was surprisingly large. In 2 additional patients (W. N. and M. K.), complete 
correction of the malformation by direct suture was attempted (Fig. 5) and 
was successful in 1 of them. A disadvantage of direct suture in the correction 
o sinus venosus defects is danger of constriction of the superior vena cava and 
su sequent thrombosis of it or one of the pulmonary veins. This complication 
was not observed, however, in either patient. 


Ao detailed correlation was made between the clinical and hemodynamic 
findings at the time of postoperative study. In general, however, the presistence 
of fixed splitting of the pulmonary second sound was indicative of a large 
residual shunt. In some patients, however (for example, R. J.), normal closure 
of the second sound during expiration was noted postoperatively and, on the 
basis of the physical findings alone, the defect would have been considered com¬ 
pletely closed. 


In the latter part of the operative series, arterial indicator-dilution curves 
weie lecorded, after injection into the right superior pulmonary vein, before the 
thoracotomy was closed. Curves of normal contour were obtained at operation 
in 2 patients (C. hi. and R. J.) who were later shown at catheterization to have 
residual shunts. It seems probable, therefore, that complete closure was initially 
achieved in these patients but that the suture line dehisced in the postoperative 
period. This view is substantiated by the findings in 2 patients with residual 
shunts of large magnitude who have been operated upon again with the aid of ■' 
extracorporeal circulation. In each, a series of holes of varying size was present 
in the initial suture line. It was apparent that many sutures had torn through 
the septum and the initial single defect had only been converted into many 
smaller ones. 


The primary cause for incomplete correction among the patients described 
is considered to he the relatively brief period of eardiotomy provided by general 
hypothermia. It was often difficult to define precisely the margins of the defect 
and direct suture was always necessary, even when it resulted in a closure under , 
tension. In many patients there was obvious need for prosthetic replacement l 
of a portion of the septum but the insertion of such material was patently im- . 
possible in the time allowed. Although repetitive periods of occlusion have been . 
employed by Kirby 1 * aud others to extend tire total period of eardiotomy, even •. 
this technique would not seem adequate for the time-consuming reconstruction 
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often necessary. For these reasons, the use of general hypothermia in the treat¬ 
ment of patients with atrial septal defect lias been abandoned and the correction 
of this malformation is always undertaken during the prolonged period of cir¬ 
culatory exclusion made possible by extracorporeal circulation. The advantages 
of the latter method seem apparent at this time but proof of its value will, of 
course, depend upon a detailed hemodynamic evaluation such as that presented 
above. 


SUMMARY 

In 34 patients with atrial septal defects of the septum secundum or sinus 
venosus type, correction was attempted by direct suture during a period of 
curculalory occlusion provided by general hypothermia. The effectiveness of 
the repair was assessed in 33 by postoperative cardiac catheterization or autopsy 
examination. A residual left-to-right shunl was present in 7 of 29 patients with 
secundum defects and in 3 of 4 patients with sinus venosus defects. These poor 
Jesuits were attributed to the brief period of eardiotomy provided by hypo¬ 
thermia which necessitated closure by direct suture in every instance. Since 
extracorporeal circulation permits a prolonged intracardiac procedure and the 
insertion of a prosthesis if necessary, this technique is now considered pielerable 
m the treatment of all patients with atrial septal defect 
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or less, while among the last 18 patients 10 were in this age group. When age 
alone was considered m relation to the effectiveness of the operative treatment of 
secundum defects it was found that among the 9 children only 1 had a residual 
shunt while m the 21 adults a residual shunt was present in 7. There was no 

correlation between the adequacy of repair and the duration of circulatoiy 
occlusion. 

In 2 patients with sinus venosus defects (D. S. and D. E.) only the interatrial 
communication was closed and the segmental pulmonary arteries supplying the 
upper and middle lobes were ligated. In each, the magnitude of the left-to-right 
s mnt was reduced, but the residual shunt, presumably from the anomalous veins, 
was surprisingly large. In 2 additional patients (W. N. and M. IC.), complete 
collection of the malformation by direct suture was attempted (Fig. 5) and 
was successful in 1 of them. A disadvantage of direct suture in the correction 
of sinus venosus defects is danger of constriction of the superior vena cava and 
subsequent thrombosis of it or one of the pulmonary veins. This complication 
was not observed, however, in either patient. 

Ao detailed correlation was made between the clinical and hemodynamic 
findings at the time of postoperative study. In general, however, the presistence 
of fixed splitting of the pulmonary second sound was indicative of a large 
i esidual shunt. In some patients, however (for example, 11. J.), normal closure 
of the second sound during expiration was noted postoperatively and, on the 
basis of the physical findings alone, the defect would have been considered com¬ 
pletely closed. 

In the latter part of the operative series, arterial indicator-dilution curves 
were recorded, after injection into the right superior pulmonary vein, before the 
thoracotomy was closed. Curves of normal contour were obtained at operation 
in 2 patients (C. M. and R. J.) who were later shown at catheterization to have 
residual shunts. It seems probable, therefore, that complete closure was initially 
achieved in these patients hut that the suture line dehisced in the postoperative 
period. This view is substantiated by the findings in 2 patients with residual 
shunts of large magnitude who have been operated upon again with the aid of 
extracorporeal circulation. In each, a series of holes of varying size was present 
in the initial suture line. It was apparent that many sutures had torn through 
the septum and the initial single defect had only been converted into many 
smaller ones. 

The primary cause for incomplete correction among the patients described 
is considered to he the relatively brief period of cardiotomv provided by general 
hypothermia. It was often difficult to define precisely the margins of the defect 
and direct suture was always necessary, even when it resulted in a closure under 
tension. In many patients there was obvious need for prosthetic replacement 
of a portion of the septum but the insertion of such material was patently im¬ 
possible in the time allowed. Although repetitive periods of occlusion have been 
employed by Kirby IS and others to extend the total period of eardiotomy, even 
this technique would not seem adequate for the time-consuming reconstruction 
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The development of efficient heat exchangers for extracorporeal cooling of 
A blood has now made possible prolonged intracardiac surgical procedures 
lL?in o deep hypothermia without a mechanical oxygenator. Detailed physiologic 
studies during deep hypothermia have been performed on dogs 1 and we have 
used it for the surgical repair of a variety of cardiac malformations. This paper 
sports our first 27 consecutive patients with congenital cardiac defects operated 
upon by this technique. 


Requirements for deep hypothermia 

Moderate hypothermia by external cooling is usually limited to tempera- 
tuies of 26° to 2S° C. because of the danger of cardiac arrhythmias and ven¬ 
tricular fibrillation below this level. There are two requirements for further 
cooling; (1) an efficient system for rapid cooling and rewarming of the body; 
®ud (2) a dual pump system to support the pulmonary and systemic circuits 
" letl cardiac arrest or ventricular fibrillation occur at deep hypothermic levels, 
p. ^ ie busic equipment and hook-up for deep hypothermia is diagrammed in 
p lg ' This is essentially the same plan used by Drew 2 ' 3 and Kenyon, 4 in 
k "" anr y a nd Shields and Lewis 3 in this country. Systemic venous blood drains 
. gravity from the right atrium into a reservoir from which it is pumped back 
into the pulmonary circuit. Arterialized blood drains by gravity from the left 
u,n in l° a reservoir from which it is pumped through a heat exchanger and 
e > mto the iliac artery. Occlusive roller pumps have been used and the 
ea ^ ex °banger is the Brown-Harrisou model. 6 To produce cooling, the heat 
‘anger has been used in eonjiuiction with a recirculation bucket containing 
Gn ' e ^ ^ Ce aiK ^ wa ter which maintains a temperature of between 0° and 2° C. 
hir 1C " arm mg, hot and cold tap water are used and maintained at a tempera- 
ale of 42° C. by the heat exchanger regulator. A single heat exchanger is 
e for patients weighing up to SO pounds, a double heat exchanger for pa¬ 
laver this amount. 

Samaritan 1 l!' 6 ,, of Thoracic Surgery, Children's Hospital, The Hospital of the Good 

Calif. ’ ana Department of Surgery, University of Southern California, Los Angeles, 
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Re d the XatlDnal Heart Institute. U. S. Public Health Service. 
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T he development of efficient heat exchangers for extracorporeal cooling of 
blood has now made possible prolonged intracardiac surgical procedures 
using deep hypothermia without a mechanical oxygenator. Detailed physiologic 
studies during deep hypothermia have been performed on dogs 1 and we have 
used it for the surgical repair of a variety of cardiac malformations. This paper 
reports our first 27 consecutive patients with congenital cardiac defects operated 
upon by this technique. 


REQUIREMENTS FOR DEEP HYPOTHERMIA 

Moderate hypothermia by external cooling is usually limited to tempera¬ 
tures of 26° to 28° C. because of the danger of cardiac arrhythmias and ven¬ 
tricular fibrillation below this level. There are two requirements for further 
eooling; (1) an efficient system for rapid cooling and rewarming of the body; 
uud (2) a dual pump system to support the pulmonary and systemic circuits 
"'hen cardiac arrest or ventricular fibrillation occur at deep hypothermic levels. 
The basic equipment and hook-up for deep hypothermia is diagrammed in 
1. This is essentially the same plan used by Drew 2,3 and Kenyon, 4 in 
England, and Shields and Lewis 5 in this country. Systemic venous blood drains 
b} gravity from the right atrium into a reservoir from which it is pumped back 
into the pulmonary circuit. Arterialized blood drains by gravity from the left 
atrium into a reservoir from which it is pumped through a heat exchanger and 
biter into the iliac artery. Occlusive roller pumps have been used and the 
beat exchanger is the Brown-Harrison model. 0 To produce cooling, the heat 
^changer has been used in conjunction with a recirculation bucket containing 
crushed ice and water which maintains a temperature of between 0° and 2 C. 
or rewarming, hot and cold tap water are used and maintained at a tempera- 
hue of 42° C. by the heat exchanger regulator. A single heat exchanger is 
’hed for patients weighing up to 80 pounds, a double heat exchanger for pa- 
hentS-Oyer this amount. 

SamaritaH 1 the Department ot Thoracic Surgery, Children’s Hospital. The Hospital of the Good 
Calif lan ’ an U Uie Department of Surgery, University of Southern California, Los .Angeles, 

No i> s , j nv estigation was supported in part by U. S. Public Health Service Research Grant 
n-a.ts from the National Heart Institute, U. S. Public Health Service, 
at uhyy 1 at the Fortieth Annual Meeting of The American Association for Thoracic Surgery 
ami Beach, Fla., May 11-13, 1960. 
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OPERATIVE DETAILS 

Metal-tipped plastic catheters are used for eannulation of the right and 
left atrial appendages. The left atrium is more difficult to cannulate than the 
right, especial!}- if it is small or there is clockwise rotation of the heart. A plas¬ 
tic catheter is then inserted and secured in the pulmonary artery and a metal 
cannula in the iliac artery. The catheter in the pulmonary artery is usually in¬ 
troduced through a stab wound in an avascular portion of the right ventricular 
outflow tract, just below the pulmonary valve. It is threaded up through the 
valve and secured in place by means of a purse-string suture at the point of 
insertion. In the presence of severe pulmonary stenosis this catheter is inserted 
and secured in a similar fashion in the proximal portion of the main pulmonary 
artery. 



During cooling, the anesthetic agent is administered in a mixture of 95 P el 
cent oxygen and 5 per cent carbon dioxide. When the temperature reaches 
28° C., the anesthetic agent is discontinued but pulmonary ventilation is 
maintained. 

The gravity reservoirs are adjusted for maximum drainage and the left, 
or systemic, circuit is started first. As soon as it is stabilized, the right, oi 
pulmonary, circuit is activated. As the body temperature falls, the arterio¬ 
venous oxygen difference is reduced as a result of the marked decrease m 
oxygen consumption. The arteriovenous oxygen difference becomes negligib e 
or absent at temperatures between 10° and 14° C. 

Wlien the body temperature lias been lowered to the desired level, the 
pumps are turned off and the heart is isolated as illustrated in Fig. 2. The 
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aorta ( 1 ) is cross-damped for two reasons: (a) to prevent tire escape of any 
air which might reach the left side of the heart through an atrial or ventricular 
defect when the right side is opened; and (b) to prevent blood from flowing 
back through the coronary arteries into the right heart where it would obscure 
the field and require aspiration. Previously placed tapes are pulled up and 
secured on the superior ( 2 ) and inferior (3) venae cavae. 

The heart is then drained into the gravity reservoirs via the atrial catheters. 
The right atrial (4) and left atrial (5) lines are then clamped. The clamps on 
the atrial lines are not essential, but this is a useful maneuver since it prevents 
them from filling with air during the time the heart is open and bloodless. 




-46*' 2 . Operative details for deep hypothermia 

1 , Aortic° r?a'mr, Pul i n ?I’ ar} ' art crj catheter removed in pi eparation for right ventriculotomy 
tape and damn V Superior vena cava null-up tape and clamp 3, Inferior vena cava pull-up 
artery imii '.Vl . K 'ght atrial catheter clamp 5, Left atrial catheter clamp. 6, Pulmonary 
j puii-up tape and clamp 

’Wound'* Pulmonary arterv catheter reinserted through the ventriculotomy and tape 

Pump 1 “"nonary aitery pulled up for filling left side of heart with blood from pulmonary 

Lower right- Position of catheters and appendage for right atriotomv 


j * len a v entrieulotomy is performed, the catheter in the pulmonary artery 
emoted and the stab wound is extended for exposure of the ventricular 
1 llm ■ During the surgical procedure the heart remains bloodless and is 
completely quiet as a result of cardiac arrest or fine ventricular fibrillation. 

ore the final sutures of a ventricular repair are tied, the pulmonary artery 
gl Ietei ‘ ^ reinserted through the ventriculotomy, as shown in the lower left 
j s Se oi ' Dig. 2. The previously placed tape around the pulmonary artery (6) 
up and secured. The pulmonary circuit pump is then turned manu- 
This fills the left atrium and ventricle with blood, which spills over into 
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the right ventricle. When all air lias been expelled, the final sutures in the 
ventricular septum are tied down under blood. The pulmonary circuit is again 
pumped manually to test for leaks in the closure as well as for fenestrations or 
additional defects in the septum. When satisfactory closure has been achieved, 
the tape on the pulmonary artery (6) is released and the ventriculotomy is 
closed, leaving the pulmonary artery catheter in one end of the incision. Before 
this closure is completed, the eaval tapes (2 and 3) are released to allow the 
right heart to fill with blood. The clamps {4 and 5) on the atrial lines are then 
removed and any residual air in these lines or the heart is displaced into the 
gravity reservoirs. 

The pumps are then turned on and rewarming is started. The aortic clamp 
(1) is left in place for a minute or two during which the heart is manipulated 
to displace any residual air into the right or left atrial lines. The clamp on the 
aorta is then removed as rewarming continues. 

For lesions involving the atrium, essentially the same technique is applied, 
except that it is unnecessary to I’emove the pulmonary artery catheter. The 
right atrial catheter is displaced to the left as shown in the lower right offset 
of Fig. 2 and atriotomy is performed without removal of the atrial line. The 
pulmonary circuit is pumped manually to exclude all air from the left side 
of the heart before the final atrial septal sutures are secured. Closure and re¬ 
warming are then performed in a fashion similar to the above. 

For aortic or pulmonary valvular lesions, the technique is essentially the 
same. The pulmonary artery catheter is removed during repair of the pulmo¬ 
nary valve, whereas, all catheters are left hi place for aortic valvular surgery. 

DURATION OF CIRCULATORY ARREST 

Since this technique involves complete arrest of the circulation, it is essential 
to know the duration of circulatory arrest which can be tolerated at various 
temperatures without damage to the brain or myocardium. 

Studies of oxygen consumption at various temperatures by Bigelow, 
Gollan, 8 and others, have helped us in this regard. However, their studies did 
not include the temperature ranges in which we are interested for prolonged 
deep hypothermia. Therefore, we have studied the oxygen consumption m a 
group of 10 dogs in which the body temperature was reduced to 6° C. For 
these studies, the temperature and circulation were maintained at the various 
levels by means of extracorporeal pumps and a heat exchanger. 

The results of these studies are summarized in Fig. 3. This is a simplified 
break-down of the data hi which each point on the graph represents a 50 pci 
cent reduction of oxygen consumption from the previous point. At 29° C-, 
oxygen consumption is 50 per cent of normal. It is further reduced to 25 pei 
cent at 22° C., to 12 per cent at 16° C., to 6 per cent at 10° C. and to 3 per cent 
at 6° G. Using the hypothesis that each 50 per cent reduction in oxygen con¬ 
sumption doubles the safe period for circulatory arrest, we can construct the 
table shown in Fig. 3. To corroborate this hypothesis, dogs have been cooled as 
low as 10° C. and subjected to 60 minutes of total circulatory arrest. After 
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mvaiming they made uneventful recoveries and resumed normal activities 
without evidence of central nervous system damage or personality alteration. 
These studies are reported in detail elsewhere. 

These results have now been further corroborated by our clinical cases in 
which patients at similar temperatures have had intracardiac surgery with 
complete recovery to normal following circulatory arrest in excess of 1 hour. 

Relationship Between Body Temperature And Oxygen Consumption 



CLINICAL EXPERIENCES 

This technique of deep hypothermia was first used by us clinically in 
August, 1959, for the repair of a supravalvular aortic stenosis in an 8-year-old 
y- Tlie stenosis was caused by a constriction of the aorta similar to a coarcta¬ 
tion located 0.5 cm. distal to the aortic annulus. It was successfully repaired 
without creating any regurgitation by the insertion of a teflon patch in the 
coarcted area during 55 minutes of circulatory arrest with the body temperature 
at 13° q II e made an uneventful recovery and 1 year later was doing well 
and engaging in full normal activities. 

Twenty-six additional patients with congenital cardiac defects have been 
operated upon under deep hypothermia since that time and are summarized in 
able I. The variety of lesions in this group indicates that this modality is 
applicable to most congenital cardiac lesions. Only one patient with aortic 
'alvular stenosis died and this resulted not from the use of deep hypothermia 
hut rather from a technical error resulting in complete closure of the right 
coronary artery orifice in the repair of the aortotorny. The two deaths in the 
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group having ventricular septal defects resulted from aspiration of food by 
one child on the third postoperative day and a complete atrioventricular block- 
caused death on the eighteenth postoperative day in the other. 


Table I. Twenty-Seven Consecutive Patients With Congenital Cardiac Detects 
Operated Upon Under Deep Hypothermia 


NUMBER OF CASES 


diagnosis 


PERFORMED I RECOVERED | 


Atrial septal defect 3 3 

Total anomalous pulmonary veins with ASD 2 2 


Aortic stenosis 
Valvular 
Supravalvular 


3 2 

1 1 


DIED 


1 * 


Pulmonary stenosis 

Valvular and infundibular 2 

Valvular and atrial septal defect 1 

Valvular, infundibular, and atrial septal defect 2 


2 

1 

2 


Ventricular septal defect 
Tetra’ogy of Fallot 
Totals 


6 


27 


4 2f 

3 4t 


20 7 


‘Technical error—Right coronary artery totally obstructed in closure of aorta. 
tOne VST) aspirated food on third postoperative day; other 1 died on eighteenth post¬ 
operative day with complete block. 

fOne patient with tetralogy of Fallot had common ventricular chamber; 2 had absent 
pulmonary valve; 1 had associated ASD. 


The higher mortality in the cases of tetralogy of Fallot has not been com¬ 
pletely explained. The deaths were all in patients who had defects in addition 
to the usual tetralogy. One had an endocai’dial cushion-type of defect; 2 had 
congenital absence of the pulmonary valve; and 1 had an associated atrial septal 
defect. 

The over-all mortality in this entire group of unselected cases is 26 per cent. 
Excluding the cases of tetralogy, the mortality is 15 per cent. 

Table II summarizes the characteristics of these 27 patients and their 
perfusion under deep hypothermia. The lowest body temperature used was 9° 
C. for a patient with aortic stenosis who had 63 minutes of circulatory arrest. 
Most of the patients were cooled to between 10° and 14° C. The temperatures 
of the patients with atrial septal defects were lowered to only 20° or 21° C. 

Table IX. Twenty-Seven Consecutive Patients With Congenital Cardiac Defects 
Operated Upon Under Deep Hypothermia 


Age 
Weight 

Lowest temperature 
Cooling rate 
Circulator}- arrest time 

Temperature drift upward during circulatory arrest 
15 minutes 
30 minutes 
GO minutes 
Kewarming rate 
Blood flow rate 

Incidence of v entricular fibrillation _ 

Extracorporeal cooling of blood results in more rapid and greater cooling 
of the “core" organs, such as the heart, brain, liver, etc., than of the grea 


314-26 years 
29-160 pounds 
0°-21° C. 

1.5° C. per minute 
18-63 minutes 

l°-2° C. 

3°-4° C. 

5°-6° C. 

1° C. per minute 
60-100 c.c./Kg./min. 
All except S cases 
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muscle and skin masses of the body. In this way it differs from external cooling 
in which skin and muscle are cooled first and central organs secondarily. It 
also differs from external cooling in that when the pumps are turned off and 
cooling is discontinued, the central temperature drifts upward instead of down¬ 
ward because the muscle mass is warmer than the core organs. This phe¬ 
nomenon is illustrated in Table II where it is noted that the temperature drift 
upward during circulatory arrest usually amounts to 1° to 2° C. in 15 minutes; 
3° to 4° C. in 30 minutes; and 5° to G° C. in 1 hour. This factor must be taken 
into consideration in calculating the anticipated duration of cireidatory arrest. 
The mean temperature during this period should be used. 

The flow rate depends upon the amount of gravity used and the size of the 
atrial catheters. Using 14 to 18 inches of gravity and either %g or % inch 
catheters, the flow rates varied between 60 and 100 c.c. per kilogram per minute. 
These were adequate to cool the patients at a mean rate of 1.5° C. per minute, 
kewarming always takes slightly longer. This would mean that cooling a pa¬ 
tient from 37° C. to 10° C. would require 18 minutes and rewarming about 22 
minutes. 

As the temperature decreases, the blood flow rate also decreases as a result 
of increasing viscosity. However, even at the lowest temperatures, we were 
usually able to maintain mean blood pressures of 50 mm. Ilg or over. During re- 
"aiming, the initial blood flow rate starts slowly and gradually increases as the 
temperature rises. 

other physiologic determinations 

Temperature Response .—Studies on dogs, which will be reported in detail 
elsewhere, have indicated the value of using esophageal temperature in these 
cases. It e have measured skin, muscle, rectal, esophageal, brain, superior vena 
cara, and right gravity reservoir temperatures during cooling, circulatory ar- 
Iest > an d rewarming. Some of these results are shown graphically in Fig. 4. 
ft will be seen that the esophageal and brain temperatures drop rapidly during 
cooling, drift up almost the same amount during arrest, and rise rapidly during 
rewarm in g. I n these studies, the esophagus was usually about 1° C. warmer 
than the brain, although it was occasionally a degree cooler. This means that 
accurate monitoring of the esophageal temperature prorides an index of brain 
temperature, plus or minus one degree. Rectal temperatiu’es, even after cleans- 
mg enemas, failed to parallel esophageal temperatures closely. The lag in 
muscle temperature change is also shown in the diagram, and its influence on 
the upward drift of brain and esophageal temperature during circulatory arrest 
it obvious. 

The esophageal temperature usually drifted upward more than the brain 
temperature. This is probably an anatomic effect, since the core organs in the 
trunk are surrounded by a generous muscle and subcutaneous mass, whereas 
the brain is more isolated and the drift of the temperature tends to be less. 

At the completion of rewarming to temperatures of 36° to 37° C. the 
esophageal temperature always drifts downward several degrees since the muscle 
ma ss remains cooler than the core organs. 
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Electrocardiographic Responses .—Ventricular fibrillation occurred in all 
except 3 of the patients. In these latter cases, a normal rhythm resumed spon¬ 
taneously. Ventricular fibrillation usually occurred below 18° C., although oc¬ 
casionally at higher temperatures. Those hearts which did not fibrillate during 
cooling, usually went into ventricular fibrillation during the surgical procedure. 
However, the cooler the temperature, the finer is the fibrillation. During cardiot- 
omy, if ventricular fibrillation is present it is so fine that there is no gross 


Temperature Responses During Deep Hypothermia 



movement and it can only be detected on the electrocardiogram. Most of the 
hearts followed a characteristic electrocardiographic pattern which included 
early premature ventricular contractions, followed by atrial fibrillation and 
progressing into bradycardia, coarse ventricular fibrillation and, ultimately, fine 
ventricular fibrillation (Fig. 5). During the period of circulatory arrest, the 
heart frequently changed back and forth between ventricular fibrillation and 
cardiac arrest, with an occasional electrocardiographic complex. 

Kewarming usually initiated a fine fibrillation which gradually became 
more coarse. The hearts were defibrillated when the temperature reached 30 0. 
Most of them were defibrillated with a single shock. The heart with the rig it 
coronary artery sutured closed required three shocks, and one other heart re- 
quired two shocks. 

Electroencephalograplnc Response. — All of the patients had preopeiathe 
and postoperative complete electroencephalograms. All of these were rea as 
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normal. There was no evidence of any neurological, central nervous system, 
personality, or behavior alteration in any of these cases. 

Electroencephalograms taken during the procedures usually followed a 
characteristic pattern (Pig. G). During the early stages of cooling, alpha ac¬ 
tivity increased perceptibly but, later, slowed and large delta waves appeared. 
Below 16° to 18° C., activity almost ceased, although some very fine waves 
persisted. However, these probably represent artifacts, such as the activity of 
the pumps or electrical potential in the skin, rather than brain waves. The 
electroencephalogram remained completely fiat during circulatory arrest. It 
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Fig 5.—Electrocardiographic response to deep hypothermia. 
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was re-activated during rewarming, but the patterns returned much more slowly 
than they had disappeared during cooling. In fact, the electroencephalogram 
lagged far behind the brain temperature in returning to normal. This was a 
common finding for which we have no explanation. However, the electroen¬ 
cephalogram was back to normal wfithin 20 to 40 minutes after rewarming 
had been completed. 

Metabolic Effects .—The metabolic responses during and after 2 typical cases 
of deep hypothermia are summarized in Table III. There were no significant 
changes in arterial or venous pH, C0 2 content, lactic acid, or pyruvic acid 
during cooling to 10° C All pH samples were run at the same temperature 
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at which they were drawn. This is essential since temperature change affects 
hydrogen ion dissociation and acidotic readings will be obtained if determina¬ 
tions arc made at standard temperature. 


Table HI. Metabolic Effects of Deep Hypothermia, Cases 24 and 25 (Mean Values) 


TIME OF 
DETERMINATION’ 

pn 

ARTERIAL 1 VENOUS 

co 2 

! CONTENT 

(mEq./l.) 

LACTIC 

ACID 

(mg. %) 

PYRUVIC 

ACID 

(mg. %) 

Before cooling 

7.49 

7.42 

1G 

14.7 

0.57 

During cooling 







7.4G 

7.42 

18 



16° C. 

7.4G 

7.42 

17 



10° C. 

7.44 

7.40 

19 

20.1 

0.54 

Start rewarming 

7.24 

7.22 

12 

28.8 

0.57 

Finish rewarming 

7.29 

7.23 

11 

35.0 

0.82 

Postoperative 






2 hr. 


7.2S 

14 

32.8 

0.41 

8 hr. 


7.32 

19 

14.5 

0.G4 

24 hr. 


7.34 

22 

1C.3 

0.54 

4S hr. 


7.3 G 

23 

17.3 

0.68 


Diagnosis: Ventricular septal defect. 
Circulatory arrest: 40 minutes. 
Lowest temperature: 10° C. 


During rewarming the pH became somewhat acidotic. This resulted from 
the flushing out of acid metabolites which had accumulated in the tissues during 
circulatory arrest. The drop in buffer base and the rise in lactic acid during 
tewarming are responsible for the pH change. 

^ ithin 2 hours after surgery, all metabolic determinations were returning 
to normal and, by 8 hours, they had reached normal ranges, where they remained. 
The pyruvic acid rose somewhat during the rewarming phase, but it remained 
within normal limits throughout the procedure. 

host operatively these patients did not appear acidotic and none of them 
required any all;aline medication. 


advantages of deep hypothermia 

During the past several years it has become increasingly evident that suc- 
oessful intracardiac surgery can be performed using various techniques and 
' ari °us types of equipment. Some groups have even found it advantageous to 
combine several methods, such as deep hypothermia with a pump-oxygenator. 0-12 

would appear that results are related not to the specific technique or equip¬ 
ment used but, rather, to the background and experience of the pump team, to 
le type and severity of cases selected for open-heart surgery, and to the skill 


and 


experience of the surgeon. 


Accordingly, a change to the use of deep hypothermia should be based upon 
s met advantages that it offers over other methods for open-heart surgery 7 . 
e believe its advantages are threefold: (1) mechanical simplicity, (2) reduced 
1 ° 0c ^ volume, and (3) an ideal operative field. 

The mechanical simplicity speaks for itself. The elimination of the oxy- 
cenator with its adjuncts and monitoring devices not only has simplified the 
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was re-activated during rewarming, but the patterns returned much more slowly 
than they had disappeared during cooling. In fact, the electroencephalogram 
lagged far behind the brain temperature in returning to normal. This was a 
common finding for which we have no explanation. However, the electroen¬ 
cephalogram was back to normal within 20 to 40 minutes after rewarming 
had been completed. 

Metabolic Effects .—The metabolic responses during and after 2 typical cases 
of deep hypothermia are summarized in Table III. There were no significant 
changes in arterial or venous pH, C0 2 content, lactic acid, or pyruvic acid 
during cooling to 10° C. All pH samples were run at the same temperature 
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at which they were drawn. This is essential since temperature change affects 
hydrogen ion dissociation and acidotic readings will be obtained if determina¬ 
tions are made at standard temperature. 


Table m. Metabolic Effects of Deep Hypothermia, Cases 24 axd 25 (Mean Values) 


TIME of 

betet.mixatiox 

pH 

ARTERIAL I VENOUS 

co : 

CONTENT 
~ (MEQ./L.) 

LACTIC 

ACID 

I (mg. 9fc) 

j PYRUVIC 
! ACID 

! (MG. %) 

Before cooling 

7.49 

7.42 

1G 

14.7 

0.57 

During cooling 






22'"c. 

7.46 

7.42 

IS 



16° C. 

7.4G 

7.42 

17 



10 s C. 

7.44 

7.40 

19 

20.1 

0.54 

Start rewanning 

7.24 

7 op 

12 

2S.8 

0.57 

iinisR rewanning 

7.29 

7.23 

11 

35.0 

0.S2 

Postoperative 






2 hr. 


7.2S 

14 

32.S 

0.41 

S lir. 


7.32 

19 

14.5 

0.G4 

24 hr. 


7.34 

22 

16.3 

0.54 

_ 48 hr. 


7.36 

23 

17.3 

0.68 


Diagnosis: Ventricular septal defect. 
Circulatory arrest: 40 minutes. 
Lowest temperature: 10° C. 


During rewarming the pH became somewhat acidotic. This resulted from 
the flushing out of acid metabolites which had accumulated in the tissues during 
circulatory arrest. The drop in buffer base and the rise in lactic acid during 
m 'arming are responsible for the pH change. 

Within 2 hours after surgery, all metabolic determinations were returning 
h> normal and, by S hours, they had reached normal ranges, where they remained, 
he pyruvic acid rose somewhat during the rewarming phase, but it remained 
"Thin normal limits throughout the procedure. 

Postoperatively these patients did not appear acidotic and none of them 
rc< piircd any alkaline medication. 


advantages of deep hypothermia 

During the past several years it has become increasingly evident that suc- 
te^ful intracardiac surgery can be performed using various techniques and 
ailous Dypes of equipment. Some groups have even found it advantageous to 
thine several methods, such as deep hypothermia with a pump-oxygenator. 9 ' 12 
"oulcl appear that results are related not to the specific technique or equip¬ 
ment us ed but, rather, to the background and experience of the pump team, to 
le type and severity of eases selected for open-heart surgery, and to the skill 
ail d experience of the surgeon. 

Accordingly, a change to the use of deep hypothermia should be based upon 
^ Diet advantages that it offers over other methods for open-heart surgery, 
e believe its advantages are threefold: (1) mechanical simplicity, (2) reduced 
°°d volume, and (3 ) an ideal operative field. 

The mechanical simplicity speaks for itself. The elimination of the oxy- 
= e Qator with its adjuncts and monitoring devices not only has simplified the 
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system, but lias completely eliminated such problems as siliconizing, foaming, 
level control, floiv control, and hemolysis. The use of hypothermia lias made it 
possible to stop the pumps at any time during the cooling or rewarming for 
whatever eventuality may arise. 


The total priming volume for the complete system is 1,200 e.c. of heparin¬ 
ized blood. This volume is the same for all patients, except for the addition of 
150 e.c. when a second heat exchanger is used for patients over 80 pounds. 
Careful attention to consolidation of the equipment and shortening of the plastic 
flow lines should allow this to be reduced to 1,000 e.c., so that two pints of 
heparinized blood will suffice for priming the system. 

There are a number of factors which contribute to providing an ideal 
operative field. (1) The isolated, drained heart is completely bloodless. When 
clamped off and drained, as illustrated in Fig. 2, a constant dry field is provided. 
Since no blood is flowing during the surgery, neither coronary flow, augmented 
bronchial return, nor the presence of a persistent left superior vena cava or a 
patent ductus arteriosus can obscure the field with blood. Only a minimal 
amount of blood need be aspirated when the heart is first opened, and this may 
be discarded or reused, as desired. (2) The operative field is completely quiet 
from cardiac ai*rest or fine ventricular fibrillation without the need for cardio- 
plegic drugs, anoxia, or injections of cold blood. (3) No one but the surgeon 
who has performed open-heart surgery with a pump-oxygenator operating 
throughout the procedure can truly appreciate the blessing of having no equip¬ 
ment operating while he is working inside of the heart. He can devote Ins 
undivided attention to the surgery without any misgivings about the disastrous 
effects of equipment or personnel failures during the perfusion. Also, dur¬ 
ing the cooling and rewarming period, he is not busy doing surgery and can 
devote his attentions to this part of the procedure if necessary. (4) Since the 
heart is not beating and the aorta is clamped off throughout the intracardiac 
procedure, there is minimal danger of air embolism. We have seen no evidence 
of air embolism in these 27 cases. Careful filling of the chambers, as well as 
the vents provided by the right and left atrial catheters, further reduces this 


danger at the completion of the surgical repair. 

An additional feature worthy of mention is that more time can be provided 
for further surgery, if required, at the completion of the safe period for circula¬ 
tory arrest. Re-perfusing and recooling until the venous blood again becomes 
arterialized and the temperature reaches the desired level makes it possible to 
extend the period of circulatory arrest by a significant amount. In 2 eases o 
severe infundibular obstruction, udien rewarming v 7 as started after completing 


the infundibuleetomy and closing the right ventricle, bright red blood streaming 
out of the right atrial catheter indicated the presence of an undiagnosed atria 
septal defect. These patients were recooled and perfused briefly, following 
wdiick their atrial septal defects were closed and they made uncomplicated re¬ 
coveries. One other patient with total anomalous pulmonary venous drainage 
and a large atrial septal defect was re-perfused and recooled between correction 
of the venous drainage and closure of the atrial septal defect. 
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COMMENT 

Many modalities and techniques are available for the successful intracardiac 
repair of congenital cardiac defects. Deep hypothermia has been used by us 
successfully on a variety of such lesions and appears to offer definite advantages. 
For some lesions we will still probably desire a beating heart and the use of a 
pump-oxygenator. Further experiences should delineate more clearly the role 
of deep hypothermia and the patients who will profit most by its use. 
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Discussion 

(I’-tPERS BY SCAXXELL [PAGE 723], MCLDEF. [PAGE 731], HaP.KEX [PAGE 744], KlP.KMN 
[page 763], Moeeow [page 776], Gop.don [page 787], axd Thete Associates) 

DR. DWIGHT F. HARKEN, Boston, Mass.—About 10 years ago Hr. Laurence B. Ellis 
realized that we were going to perform a lot of operations for mitral stenosis, so he set up 
Program for following these patients. He and his associates with the help of one to three 
time workers have carried this study through the years. I ? d like to say a few things 
ou this follow-up. This work has been reported periodically and largely supports 
r * ^armell : s comments. 

j. ** are now in our third thousand operation on the mitral valve. The follow-up 
'cnssion today involves the first thousand. 

The mortality rate has not been dissimilar to Hr. Seannell's. In ideally selected 
Prisms, the Group Hi patients of our classification, there was a mortality of less than 
P^r cent. In the Group IT category, it was 21 per cent. Hr. Scannell used the medicallv 
^ patients of Hrs. TThite, Bland, and Sprague for comparison with his surgical results. 
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We used Olesen’s medical series. The series of Drs. White, Bland, and Sprague is quite 
similar to Olesen’s and to current medical treatment. At the end of 9 years, 75 per cent of 
the Group III patients (those with predominantly progressive pulmonary symptoms) were 
alive, whereas there was only 40 per cent survival in a similar group treated medically. 

Of those in refractory congestive failure (our Group IV), 60 per cent of the surgically 
treated patients survived after 9 years, whereas all of the medical control group were dead 
within S years. And gentlemen, survival is only a cold parameter of living, for among 
the surgical survivors there was mueli more happiness, comfort, and rehabilitation. The 
implications in patient selection are obvious. They should be operated upon when they 
are in Group III which has less than 1 per cent mortality and high rehabilitation rates. 

Now I should like to take a slightlj- different point of view to illustrate a point that 
I’m sure Dr. Scanned has made, but I should like to make it in a slightly different way. 

lie don’t have to prove to ourselves that surgery is useful, but we do want to know 
if and why these people deteriorate after being improved by surgery. In our first thousand 
patients, Dr. Ellis’ group finds that there are 228 patients who are now, or were at the 
last review, less well than at some other time since operation. 

Now this doesn’t mean that surgery wasn’t worth wlrile, or even lifesaving, but 228 
of them are now less well than they' were at some time since operation. This is the important 
group for us to scrutinize to appreciate a point of view that Gordon is trying to emphasize. 

There were four dominant overlapping factors responsible for this deterioration, and 
I emphasize ‘ ‘ overlapping. ’ ’ The first and overwhelming one was what we would now term 
unsatisfactory initial operation-—more than half the patients; second, recurrent rheumatic 
fever; third, mitral insufficiency prior to or caused by operation; fourth, multivalvular disease. 

As for the unsatisfactory operation, this thousand was operated before we recognized 
the importance of opening the posteromedial commissure. Dr. Bailey has suggested the rigid 
thoracotomy to make this possible. I move around to the opposite side of the table in the 
standard left thoracotomy. Logan, Tubbs, Gerbode and others use a transventricular valvulo¬ 
tome. It is not so important how it’s done as it is to recognize what must be done, and do it. 
Thus, I think we now take care of this factor in deterioration by more satisfactory initial 
(or secondary) operation. 

The second factor, rheumatic fever, probably is loss significant since the advent of 
routine permanent prophylaxis with antibiotics and the appropriate use of steroids. When 
this group was operated upon, routine permanent penicillin prophylaxis was not practiced. 

The other two categories, mitral insufficiency and associated valvular disease, resolve 
themselves into better diagnosis and the appropriate rather than the inappropriate operations. 
When this group of patients was operated upon we had less satisfactory clinical and 
laboratory diagnostic techniques (left heart catheterization, etc.) and no adequate tech¬ 
niques for dealing with some of the lesions. There was no good operation for aortic stenosis 
and mitral insufficiency, much less aortic insufficiency, so we simply did the best we could 
with the mitral stenosis and hoped that the associated disease was insignificant. That cun 
be changed now. 

In conclusion, most causes of deterioration can be handled better now. Most ini 
portantly, we cannot only operate better initially but, by using the same principles at re 
operation with an operating tunnel, we can make reoperation just as satisfactory as the 
modern improved primary procedure with bicommissural and subleaflet valvuloplasty. 

In the light of this knowledge, when I hear talk about routine open operation fur 
initial or reoperation, it worries me. Just because we have a pump-oxygenator, rvo don 
have to use it. We don’t have to use a bulldozer to mow the lawn. You reserve the bu 
dozer for the stumps, and if you use the mower well, it’s surprising how few stumps there arc. 

DR. SCANNELL (Closing).—I don’t know whether I should just close or ask Dr. Harken 
if I might discuss his paper. 
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Obviously, there is considerable agreement. I tlunk the important thing for us to 
i=: liovr to know that the stumps are going to be there, and n=e an open approach 
rrn time around under the s e conditions, which I rather favor 

Second. it is important to recognize the break m compensation that occurs in these 
TA'-at' and. when they are getting into trouble, reoperate early 

I did not have time in the original paper to talk very much about this problem of re 
iteration As we see it, we have been too reluctant to readvise surgery We have operated 
epa patients after tlieir lungs were badlv damaged with severe arterial di c ea*e and. under 
tits’ circumstance', end up with an excellent valve—but at autopsy. 


DB CHARLES P. BAILEY. Xew York. X Y —In view of the skepticism that 
;n-ted my first pre'entation of a somewhat similar technique to this Association 2 years 
tco. I am delighted to see that Dr. Mulder and other* have done this type of operation 
tii are getting good results 

(Slide) In fact, as I remember, the procedure wa* referred to as ail “ explo'ion m a 
c i-’at factory" on that occasion. 

fSlide) Over the past several \ears we lia\e been doing open heart surgery for 
' paired aortic stenosis. We did u 5 e livpothermia alone in some patient* but gradually have 
' —e to depend upon complete bypa*s with coronary artery cannulation and perfu'ion. 
~nh or without the addition of hypothermia. We have had a mortality a* 'hovn in tin* 
1. >»r group in 52 eases of 11 5 per cent. Generally the po'toperative results have fitted 
- ‘’ell with the later ones shown by Dr. Mulder 

(Plide'i Louis Gross m 1920 showed the double laxer makeup* of the thin, trail' 
l-nnt aortic valve plaminum spongiO'Um and laminum nbrosnm*. which permits the applica 
1 such a technique a* Dr. Mulder ha* *0 beautifully demon'trated However the 
' ”■ a " pointed out, may not be limited to the concave a*pect of tlie valve although 
r usually is 


It is true that one should mobilize the eu'ps by sepiarating the commi*'Ure* when 
fetsthle In this photograph, tin* eu*p. however, can be seen to be a shallow one. and 
*~* one i* even more shallow. Had we done an open operation in tlus ca=e. it might have 
-Ij^ 10 'u'^ubue only this deeper emp, to have separated it a* the eo mmi "iire~ 

, J ‘ IES tl>c remaining two to be joined m a rigid shelf which would support itself if onh 
■’ Tutus of it* attachment to two thirds of the aortic circumference A good clinical 
rh " ill h e obtained even if only one cu'p function' well 

„ This slide merely shows the reparative technique that we have u-ed in 

f J ei ^ rence to tismg a plastic or prosthetic cu^p A segment of free aortic wall is u-ed to 
a Devr CU5 P after excising an extremely damaged one 
I have a one minute movie which can be shown, demonstrating our technique 


j, DWIGHT C MC GO OX. Rochester, Minn —Dr Mulder has me eh demonstrate 1 

^ ' e2I hu5ia^m for the surgical treatment of calcifying acquired aortic «teno=is. and. of 
Dr. Bailey c hares that enthusiasm with lnm So abo do I 
^ thinh it is understandable that when a condition for which there wa* no suitable 
^ diluent until 2 or 3 years ago become- amenable to the =urgeon. we should be enthu-iastic 
_ the pro-pect Perhap- future follow up studies will -how that our optimi-m 1 * not 
^ed. hut pediap- abo by that rune newer t^hniques will have Iwome available 

. ^ 0u that Dr. Kir him reported upon 14 of our patient-the nr-t 14—-ome time 

4 ^ TUOn ^ v 'kom there was one early death and one late death. The s^ne; lia= now increased 
patient^, with the mortality rate remaining at approximately 10 per cent. The onl\ 
r ^ e 01 original technique which nn^ht be different in new of contemporary 

1=5 that we used nonnothercnia throughout the -ene* We nave merely cro— 

3 aorta, and usually have b^gun to work, on the left coronary cu^p first After 
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15 or 20 minutes have passed, work on this cusp is completed, and we then begin perfusion 
of the left coronary artery with about 400 c.c. of normothermic blood per minute. The 
heart very rapidly resumes its action, and usually it is possible to continue that perfusion 
throughout the remainder of the period of repair of the valves. 

I think tlie most important feature of the teclmique is to be able to work in an un¬ 
hurried manner, and not to feel the press of time. Work on the valves not uncommonly 
may continue for an hour or more. 

By this means, when the aortic clamp is removed, the heart is oxygenated and as it 
has been vigorously contracting for a prolonged period, it is quite able to take over the 
circulation, even if a minor degree of aortic insufficiency should be present. 

DR. JOHN F. BURKE, Boston, Mass.—We too have been interested in acquired 
aortic stenosis at the Massachusetts General Hospital, and have now done 42 operations; the 
last 25 patients have survived. 

(Slide) We have noted that the more of these operations we do, the longer it 
takes us. We have used moderate hypothermia without coronary perfusion and, although we 
do not mean to imply that cardiac ischemia is good cardiac muscle, it is obvious that there 
are other factors which are perhaps even more important than perfusion of the coronaries. 
We believe one factor is an excellent restoration of valve function. Although coronary 
occlusion and ischemia was carried out in our eases, the results became better as we took 
a longer time to achieve a valve that would function almost perfectly. 

DR. CLARENCE CRAFOORD, Stockholm, Sweden.—I would like to draw your at¬ 
tention to one point. 

Dr. Scannell said that if there was a gradient over the valve of less than 50 mm. Ilg, 
he did not think that these patient-s were candidates for surgery. I think that in the 
case of aortic stenosis one should not only evaluate the gradient when the patient is 
resting. One should also evaluate the gradient at work and after work. 

We have had patients with gradients as low as 20 or 30 mm. Hg after measured work. 
At rest, with one catheter in the left ventricle and one in the ascending aorta, the gradient 
might well rise to ^lyell above 100—up to 200 mm. Hg, and I think these patients arc 
candidates for surgety as well. 

DR. MULDER (Closing).—I should like to emphasize one point that we think is very 
important; namely, that it is better to start the dissection of the calcium at the base of 
the cusp and move centrally, rather than cutting blindly across tho top of the encrustations. 

With regard to Dr. Crafoord’s remarks, we would certainly agree that the cardiac 
output varies under certain circumstances, and that this may alter the gradient measured 
across the aortic valve. We have operated on 1 patient with a low cardiac output and a 
gradient of less than 50 nun. Hg. He lias had a very good result which suggests that m 
those patieuts with a low output, the demonstration of a gradient, even though less than 
the arbitrary' 50 mm. Hg, may still be indication for operation. 

DR. DONALD B. EFFLER, Cleveland, Ohio.—At the 1958 meeting of this Society- 
in Boston, we discussed the need and our interest in prosthetic replacements of the aortic 
and mitral valve. Since that time Dr. Willem J. Kolff of the Cleveland Clinic Foundation 
has devoted considerable energy toward prosthetic valve replacement. Utilizing an ex¬ 
cellent laboratory and applying the patience and energy characteristic of tho indomitab c 
Dutch, lie lias explored many facets of this complex field. I would like to show a shor 
movie that demonstrates a number of significant experimental observations. 

This is a Teflon mitral valve replacement; the dog died 10 days after operation. 
Viewed from the ventricular side it is self-evident that the prosthesis has bccomo a tlirom us 
factory. The animal died of multiple emboli. 
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This specimen is another mitral prosthetic replacement. The animal survived 4 weeks 
fcfer operation and then developed a classical picture of mitral stenosis. This is not 
isolated experience 5 unless the animal receives anticoagulants or fibrolvsin materials, 
inevitably occurs in this type of valve. 

This is an aortic monocusp replacement—the animal died with a large saddle embolus. 
The raonocusp (polyurethane in this instance • contains an impaction of thrombus 14 

after insertion. 

Hr. Kolfi has worked with most of the available plastic materials and used all con- 
eewsble variations including the woven, knitted, smooth, and roughened types. The record 
0 : initial animal survivors after complete valve replacement has been excellent—the long- 

survival rate is discouraging. 

The concluding specimen is of particular interest. A Ted on strip has been fixed to 
right atrial septum and dropped through the tricuspid valve where it is attached to the 
stei of the right ventricle. All dogs survived this simple procedure, but all succumbed at 
u kter date when the atrial chamber follows the prosthetic strip and invaginates into the 
Cuspid valve in a mann er reminiscent of a toilet plunger. Apparently there is an un- 
apVmed taxis phenomenon here. 

The purpose of this film is obvious. It is not our desire to be distributors of sodden 
1-arAets. VTe all know that there are many perplexing and discouraging problems in this 
Particular field—that, for the present, clinical application of prosthetic valve replacement 
either the mitral or aortic level must be undertaken with considerable caution. For the 
it is our policy in the surgical treatment of aortic and mitral valve disease to do 
best vre can with what the patient has. This policy will remain in force until we can 
bovide our patients with better prosthetic valves than are available to us now. 

UR. EARLE B. HAY. Cleveland; Ohio.—Whereas not over 10 to 15 per cent 01 the 
L'.ents with mitral regurgitation require valvular substitution, it is our opinion that tue 
^ority 01 patients with aortic regurgitation and at least 50 per cent of patients wiTh 
^-=kly destroyed calcine stenotic valves will require valvular replacement for optimal 
Section. 

Yhe success ox aortic valvular surgery is dependent upon three factors: ( 1 ) complete 
j-^ection of the insufficient valve which assures, rather than hopes for. maximal or optimal 
* at iunction; ( 2 ) proper myocardial support and management daring and immediately 

owing permsion. and (3) a left ventricular myocardium that will tolerate the operative 

procedure. 


Unnng the past 4 years we have, as many of yon also have, gone through the many 
»erung stages of partial or palliative correction of the insufficiency employing valvular 
-utzon, monoensps, plication, or excision of the noncoronary cusps, and the many other 
*** techniques and have been impressed with the fact that, although occasional 
i^-tacular results were obtained with the above techniques, we were never assured at the 
cr the operative procedure that adequate or ideal correction had been accomplished- 
^ Ideally, one must be assured at the time of the operative procedure that the in- 
'-^-tiency is entirely corrected and that co stenosis is produced. In our opinion this can 
■' " accomplished by valvular substitution with a plastic tricuspid valve. 

^ v hears the criticism that perhaps there is insufficient knowledge of the destinv of 
^ valves but in actuality the only difference between a complete tricuspid valve and a 
or plastic used in valvular addition is the desree and design rather than the 
^ majority of the plastics appear well tolerated and have b>*u used in 

Y forms for 2 to 3 years. Furthermore, a tricuspid valve assures deep sinuses of 
v proper coaptation, of the leasts. The high operative mortality in the past 

^ bten due to incomplete valvular correction and insufficient myc* tar dial support and 
curing the procedure. 
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In regard to myocardial support, we liave all liad what we felt was a satisfactory 

correction of the insufficiency only to be confronted with a heart difficult to start, or t< 

fail later because of the prolonged anoxia or inadequate myocardial oxygenation occurring 
during the period the aorta is cross-clamped. We have employed all of the current 

techniques for myocardial management during the period of cross-clamping the aorta am 
continue to feel that direct coronary artery perfusion, as described to this Society 2 year; 
ago, is superior to other techniques if operating periods up to 1 or 2 hours are required 
Shorter periods of aortic cross-clamping are well tolerated with cardiac arrest by per¬ 
fusion of ice-cold Ringer's solution. Recently we used the combination of cardiac arresl 
by coronary perfusion of oxygenated ice-cold Ringer’s solution to cover the 10- to 15-minut( 
period to establish coronary cannulation, followed by direct coronary perfusion witl: 

oxygenated blood during the insertion of a plastic tricuspid aortic valve. The postoperative 
recovery of this patient was the most benign of any operated upon. We continue to usf 
both left and right atrial decompression during the operative period as well as during tlu 
immediate post-perfusion period. 


DR. WILLIAM H. MULLER, JR., Charlottesville, Va.—I, too, agree that in repairing 
the valves in patients with hypertroplued, dilated ventricles one must relieve the in¬ 
sufficiency without increasing the resistance at the site of the valve. 

We make every effort to use the patient's own tissues in repairing aortic insufficiency 
but, in some instances, this is not possible and we utilize leaflet replacement or leaflet 
extension, and also total valve replacement. 

I would like to present a very short filmstrip demonstrating a Teflon valve that we 
inserted in an IS-year-oId patient who had aortic insufficiency as a result of bacterial 
endocarditis. 


The extreme pulsation of the aorta is apparent. The aorta was clamped and an 
incision was made into it in a way similar to that demonstrated by Dr. Mulder. The 
posterior leaflet was completely absent except for a small tag, and there were multiple 
perforations in the two remaining leaflets. It was decided to replace the valve totally m 
this patient. 


We, therefore, excised the remaining leaflets, leaving a small portion along the nm 
to which the prosthesis could be anchored. The sutures were placed through the tough, 
thick annulus, and also in the prosthetic valve. (The prosthetic valve had a Teflon cage 
covered with Teflon netting. The inside is polished, and the leaflets are knitted L-’W" 
with polyurethane-treated edges. The cage is cut out to accommodate the region of 10 
coronary artery orifices.) 

The valve was positioned and additional sutures were placed around the top of lc 
valve. We utilized coronary perfusion of the left coronary' artery, and we have been using 
it in the right coronary artery- while we arc closing the aorta. The pulsations of e 
aorta which were formerly present were greatly diminished. 

This patient was operated upon about 5 weeks ago and is doing satisfactorily. ® 


don’t believe that this valve is the answer, but we hope that it’s a step m 


the right 


direction. Many questions must be answered regarding the long-term fatigue properties 
of Teflon. Certainly, stiffening of the leaflets as Dr. Effler showed a moment a go am a 
number of other points will have to be considered. None of the patients in whom tins 
valve was used has presented any evidence of emboli. Wo have totally replaced the valve 
in 5 patients, 2 of whom are still doing satisfactorily; 1 early and 1 about IS mont is 
since operation. All of these patients had severe aortic insufficiency and, at the time o 
operation, it was believed that total replacement nas necessary to enable them to suiwe 
the perfusion. 


DR. ALFRED GOLDMAN, Beverly- Hills, Calif.— I want only to bring out a fe" 
points that haven’t been brought out relative to the use of autogenous tissue m aor ic 

insufficiency. 
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Aortic insufficiency may at times be caused by a prolapsed cusp (Slide) The 
u£tomy of prolapse is depicted diagrammaticallv here This cusp prolapses because of 
~eahne ,5 s of the supporting strut made up by tlie ^pongiosa, annulus fibroma, and aortalis 
£* they form the strut for the coupling ridge, which m its center contains the nodulus 
arantu all three of which must meet at a single point to produce a competent valve 

(Slide) This weakness of the strut support to the cusp clo c e to the aortic wall pro 
da?e> the sagging of the lunula and a disalignment of the nodub arantu on closure of the 
ralre in diastole, so that it becomes incompetent 

(Slide) Tin* slide diagrammatically depicts the physiology of the prolapsing valve on 
diastole Tin* incompetent space remains Therefore, the point of attack is this anatomic 
^rira of the valve clo«e to the aortic wall, in order to splint the sagging lunula on the 
re ll lunula by a supporting *trut made with a free arterial graft taken from the internal 
carnman artery 

(Slide - ) The technique Mi own on this Mide has been utilized m a 46 year old man with 
c 0vere aortic insufficiency and a prolapsed cU"p, who was operated on IS months ago and 
rno at the present time lias improved radial arterial tracing" He had not worked for a 
Ttar and a half, and he ha* 5 been able to work for the pa^t year Diastolic pre*"Ure wa« 
ra ed from 20 to 60, and In* cardiac size is smaller than it was preoperativeh The 
Cutting material was autogenous arterial segment taken from the internal mammarv artery 
We have found in dogs that free arterial segment". when planted in the mvocardium 
the endocardium, or m the valve itself, are well tolerated, and m periods of time up to 
^ month" then} free arterial grafts tend to harden and become supportive 


DR H4RKEX (Closing) —Dr EfflerV observation" are timelv, and we too have feared 
c iffemng and contraction of material" that become organized a* 5 c ar ti c "ue Tlu^ is whv 
e ^ ve been reluctant to u«e wettable material* 5 However Dr Muller c experience ^ug 
"^ts that *ome of our fear'* are unnece""ary I hope lie** 5 right It would simplify the 
problem At len"t our caged ball valve doe* 5 not have «ome of then? potential disadvantage" 
Perhaps it will have di s advantago= of it' own 

I agree with mO"t of the fine point" made bv Dr Kay and appreciate hi* 5 emphasis 
oa the importance of avoiding ^tenoM* 5 Here again you get the undertone of alarm in ab 
01 the^e discu^ion* about aortic »n"ufhcienc\ with it* dilated ventricle m failure 

Dr Muller*" brilliant ca"e" warrant hi" enthusiasm and our commendation I noticed 
he was perfu"ing onb one coronars artery One cannot argue with "ucce"" but X 
Mieve that if one i* good, two are better A «ub"tantial part of the left ventricle is 
f^rfu-ed bv the right coronary a^erv. therefore we *=liould perfu c e it a" well a* 5 the left 
Dr Goldman * comments about tlie prolap"ed ^U"P represent excellent observation* 

^ 1735 no coincidence that lii" diagram showed prolap-e of the noncoronarv bearing cu"P 
3 mater of fact, that concept wa ? the ba* 5 !" for our eircumclu^ion operation although I 
a dnnt that it has b ft en Ie"" than dramaticallv *ucce""ful It was also the basi* 5 for the 
anatonne drawing that I "ho ’■ed todav m which the base of the aorta wa- dilated and 
neutral cu^p had prolap"ed downward and backward Aortic insufficiency m these 
^nations i* a two dimensional affair one transverse and another longitudinal I would 
3 httle wary of producing Meno* 5 !* 5 v lienever "Utunng commi-^nres together, but ob- 
tiooily he was wary and *ucce""ful 

usual, a paper pre^nted to tin* 5 Society ha* flushed out a lot of valuable informs 
Drom you I have learned a lot A" thp c\pre«*<=ion goe- thanks for letting me bring 
can opener to the picnic 

DR HENRY T. BAECNSOX. Baltimore. M<L—-Thu* i- the usual loaded concise forth 
Xht KirUin pre^ntation on which I would like to comphment him and make a few com 
about one *mall segment of patient- \*ith ventricular septal defect, namely, tho^e with 


Sortie 


tnsufficiencv 


, ^ many if not mo-t patients i ith ventricular CA ptal defeet* 5 there may be some 

°f aortic insufficiency, whieh will vary from a ‘mudgen to a Sizable stream. U*uaIK 
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this can be ignored. It is not clinically detectable, and simply bothers the surgeon when 
he is attempting to repair the defect. 

When there is significant clinical aortic insufficiency, however, we believe that the 
basic mechanism is that shown in this first slide (slide), namely, a prolapse of the right 
coronary cusp, shown here, and possibly a segment of the adjacent noneoronary cusp. 

We have not been successful in attempting to coapt the commissures in these patients, 
and believe that, although the original trouble probably arises from the prolapse of the 
base of the leaflet, that the trouble we need to treat is in the greater length of the free 
edge, which actually prolapses beneath the adjacent cusp. 

(Slide) We have treated this, as shown here, by simply reefing the free edge, in 3 
patients, with excellent results in 2. I think the movie will show a specimen from the 
third patient. We obtained this specimen because I was, perhaps, obsessed with the idea 
that one could treat this by narrowing the aortic annulus, closing the defect in an im¬ 
proper fashion. This partially reopened, and the patient died of insufficiency. 

I think this specimen demonstrates that the important phenomenon is reefing the 
free edge. This is viewed through a Du cite chamber in which water is put upon the valve, 
so that the pressure is constantly equal to the systolic pressure, and the valve is kept 
sealed. You notice that the cusps are at least together. 

Here is the reefing. Here are sutures used below to close the ventricular septal defect. 
The sutures are removed, and you see that it makes no difference, really, in the competence 
of the aortic closure. This patient had a normal blood pressure after closure, and for a 
day and a half; then the pressure increased—I believe because of the tear in the base of 
the leaflet through which you saw the clamp come then. 

Now, you will notice that the cusp had prolapsed down beneath the adjacent cusp. 
Notice how thin the base of this leaflet is where it has prolapsed through the ventricular 
defect. It does very little good to close the defect and buttress up the base of the valve. 
Again, the trouble is in the free edge. 

(Slide) Here is the specimen after it has been fixed, so that the nearly normal arrange¬ 
ment can. be seen. Here is the right coronary cusp prolapsing through the defect. Actually, 
at operation this almost sealed off the defect, so that there was very little leakage of bloo 
through it. Notice how this has actually become detached from the edge of the ventricu ar 
defect. 

Looking at this from above again, notice how the valve prolapses down, because of 
lengthening of the free edge. The difficult thing is to determine how much reefing one 
should do, and what we have done is to measure the diameter of the aorta with the uo^a 
distended before we open the heart, and then to measure the length of the free edge o 
cusp, and it is easy to see, on working with the valves, that the length of any free e go 
should be approximately the same as the diameter of the aorta, if the confluence of the cusps 
in the center of the aorta is to be obtained. 


DR. EARLE B. KAY, Cleveland, Ohio.—We have been very pleased with the results 
obtained in the surgical correction of ventricular septal defects in a series of nearlv 
patients operated upon during the past 4% years. Until recently we have had no ea ‘ 
in any patient with pulmonary hypertension below 75 mm. Hg. About 2 months ago 
had our first death in this group as a result of a staphylococcus-resistant infection. 

During the past 3 years no patients have died, except for this one just discussed, 
regardless of the degree of pulmonary hypertension as long as there was still a left-to-ng i 
shunt. We have not operated on any patients with Eisenmenger’s syndrome. 

During the 4% years that comprise this experience, there has been no instance of 
complete heart block. There were three temporary heart blocks that vere 1Dunc ^ I “ t ^ 
converted with Isuprel during the period of re-establishing the heartbeat at the con . 
of the surgical correction. Wo have not operated upon patients under 1 year of J f ’ ’ 

as far as I know, no patients have died during the last several years with con 
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treatment during this early period of infancy. In any event, it is our opinion that the 
risk of medical management during the first year of life carries a lower mortality than 
vien attempts at surgical correction are made. 

Initially, we did not employ cardiac arrest, but during the past Z% years probably 
over 90 per cent of the patients have had cardiac arrest with potassium chloride. Over 90 
per cent of the patients have had closure of ventricular septal defect using a compressed 
Ivalon patch with interrupted silk sutures. We have been very careful in taking multiple 
etnall bites around the ventricular septum and probably this is the reason that we have 
not encountered any evidence of heart block. 

He have had five recurrences during this time, all occurring during the first year. The 
frst two were as a result of using non-compressed Ivalon, in which the pores increased in 
size. The other two were in patients who had closure without an Ivalon prosthesis. The 
fifth was in a patient with a Swiss cheese type of defect. 

■HI a patients have now been reoperated upon. Four of the defects are completely 
dosed, and the 1 patient with the Swiss cheese type of defect still has some partial opening. 

DR. KIR KLIN (Closing).—Certainly, Dr. Balmson has demonstrated better than any¬ 
one previously the anatomy of aortic incompetence in patients with ventricular septal 
defect. We can confirm his belief that it does no good merely to repair the ventricular 
septal defect. In the first case that we had some time back, we merely repaired the 
ventricular defect, thinking that that would push the aortic leaflet up where it should be 
ond relieve the incompetence. The patient has survived, but still has a significant aortic 
valve incompetence. 

I can only envy- Ur. Kay and his results, and perhaps differ with him in one small 
point, i doubt that we can confidently assume that conservative management for the sick 
-‘■nail infant in heart failure from ventricular septal defect will allow us to operate on 
fit® at the age of 2 years. In 1957 we banded some of these infants and treated some of 
diem medically, Ur. UuShane in our clinic treated them carefully and diligently. Twenty- 
oight per cent of that small group died before they reached the age of 1 year. They did 
die in failure in the hospital. Usually they went home, suddenly acquired a respiratory 
tafection, and had overwhelming bronchopneumonia before they could be returned to the 
“ospital. 


DR. BRUCE JOHNSTON, San Francisco, Calif—The few remarks which I have to 
are merely to reinforce, I hope, the thesis which Ur. Moitow has so well developed. 
There are several reasons why we have adopted extracorporeal circulation as the tech- 
avque to allow us to repair secundum defects, but they are all linked essentially with the fact 
“at we do not feel that the 6 or S minutes which hypothermia alone will give us is adequate 
111 our hands for a satisfactory repair. 

We have an early experience with some 40 cases which we closed by the external 
suture technique, and in o of these patients there was a very large residual shunt. They 
Were 211 adults. The defect at the time of the first operation bad always been large, and 
l,| ' s indicated quite clearly to us that a certain number of these secundum defects would 
vequire some prosthesis in order to assure complete correction. 

Furthermore, we find that in our series some 12 per cent of patients have anomalous 
venous return. Admittedly, a small number of these patients can have a correction per- 
rm ed without inserting a prosthesis, but the majority certainly do require a patch. 

^ In all, we find that 10 per cent of our patients needed a patch of some sort. Aid so. 
°r the last 104 patients we have used extracorporeal circulation, and with the most recent 
: i Patients we have used the lung recently described by Osborne, Brans-on. and Gerbode. 

We have had one death in this gToup of 104 patients, a child who was in severe 
ca r<Jia c f a {[ ure the time of operation, and we have good reason to believe that all the 
are satisfactorilv correcrerl. 
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DR GEORGE H. A CLOWES, JR, Cleveland, Ohio —Dr Morrow has just emphasized 
the need for doing- very accurate surgery, for one reason—that is, to effect a complete repair 
Dr Seannell and other speakers this morning have talked about the quality of the repair 
of a valve and the dangers of regurgitation I would simply like to emphasize why it is 
that certain people produce beautiful results by rendering the heart capable of responding 
in normal fashion to the tiauma of operation 

(Slide) The cardiac output during the immediate postoperative period seems to follow 
a pattern in patients after thoracotomy. You will notice that there is a tremendous rise 
of cardiac output at the tune the endotracheal tube is removed and, if the cardiac output 
goes up then, one can be sure that the patient will do veil postoperativel) During the 
liist week the caidiac index remains about 30 per cent above the basal value Note that the 
venous piessure is up only during the period of the operation and the anesthesia 

(Slide) Nov, for comparison here is a series of 13 patients vlio had cardiac operations, 
studied m the same fashion, who survived Notice that they started vith a lover cardiac 
index, but it came up at the time of extubation Their cardiac output actual!) vent up 
after the eaidiotoni) had been completed Then thcie was a slioit period of depression 
during the first fev hours Thereaftei it lemamed up as in the rest of the thoiaeotomies 
(Slide) This vill show you the behavior of 6 patients vho died Four of these verc 
patients vho had cardiac operations, one of them be ng an aortic valve proccdtue The 
cardiac output staited with a lov level, vent down during the period of operation, but 
failed to go up at the end of the opeiation Not one of these patients reached the pre 
operative index 

Dr Bo)d and his associates fiom Johns Hopkins shoved the same thing last )ear, and 
othei people have emphasized tins, but I believe this will seive to emphasize vvhv ve must 
do a complete repair on these various eaidiac abnormalities If the mjocardium is damaged 
by failure to peifuse the coronaries, or for othei leasons, then ve see a similar situation 
Patients vho fail to respond in tins normal fashion die in a state of metabolic a"idosi= 


DR HENRY SWAN, II, Denver, Colo—We have continued to use the open closure of 
atrial septal defects with hypothermia alone, and ve have had experience now with about 
165 patients in whom this opeiation lies been done 

We also agree with Dr Johnston that about 12 or 33 per cent of these patients have 
some aberrant diamage of some tvpe, usuall) amounted with the vei) high, or minis 
venosa, defect We have had 22 such patients 

We have used hjpothermia at 30° C rectal tenipeiature Ye limit our occlu'ion 
period strictl) to G minutes, and will not exceed that amount of time, but ve do not 
hesitate to do tvo or three occlusions, and thus one can get 13 or 18 minutes of operating 
time, if so desned 

In our last 125 patients ve have had one death 

The results have been documented b) postoperative catheterization in 44 patients, 
largelj m the eailier part of the series, as Dr Blount is no longer doing postoperative 
catheterization routinely m this t)pe of patient Five of those 44 patients had evidence o 
failure to close complete!) the defect Two of these vveic m the early group of patient.. 
when ve were using interrupted sutures, and I think I spaced the sutures too far apart 
Both patients veie reoperated upon, and the residual hole was closed 

One was known at operation to have been left with a vein which was untianspo'cd, so 
it was no surprise to find some residual shunt m that patient 

Tvo were actual failures of the technique One of these was an adult patient with a 
ver) large heart and a ver) large hole, measuring 9 cm, and I feet that in this patient 
there was a complete breakdown of the suture line An attempt was made to close it usuiJ, 
caidiopulmonary bvpass at another institution latei on, but the patient failed to survive 


the procedure . a 

I feel that we could quite agree with von that w the adult patient with the verv ar„c 
hole we may veil need to put in prosthetic devices, but so far at least m our experience 
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kre not u=ed any prosthetic devices, and we think that it is quite po-sible to get accurate, 
~ >.e 'ftil clo'Urc at a very low ri=k using tins technique 

DR MORROW (Closing).—The object of one of the-e intracardiac exercises is to 
tke the hole completely \\c me not sati'fhd with any re--idual shunt after an open 
op-ntion. and I don t think that we can detut 'mall =liunts bv the comentional methods 
For example, among those patient' undirgmng po'topeiatnc catheterization a year or 
tiro ago, the oxygen method was hemg ii'ed in ear Inboretoiy at that time as well as the 
-'0 te~t Four of S 'uch patients lmd no deter table 'hunt u'uig the conrentional methods, 
Int the residual shunt was demoii'trated by the inert gn' te-t 

With the open operation with by pa" I think that Dr Gilbert and I would probably 
* prO'thc'i' now in 4 out of 5 patient' with atrial 'eptol defect, and our average per 
toaon time m an adult with an atnal 'eptal defect approximates 11 minute' 

DR FR \XK GERBODE, Gan Franci'co. Calif—Our early experience with potn"ium 
iUTe^t taught U' one thing, that it wa= advantageou' to operate upon the quiet heart How 
crer. m tlie past IS month' we hare not U'Od pota''ium arre~t. and have turned to u'ing 
general body hypothermia m combination with extracorporeal circulation, and during the 
K't year we have u'cd till' technique m over 200 open heart operation' 

General body cooling lia' been a< compli'lied with the use of a new. very efficient heat 
exchanging lung ('lide). which wn' developed in our laboratories with the help of XL L 
Brandon and Dr John O'bom Our lung ha' a relatively low priming volume, and has the 
entire casing of the ui'ide of the lung free and expo-ed to a water jacket Thi= is a very 
efficient heat exchanging unit, and it doe'n t require any separate cleaning, becau'e it i« 
isolated from the blood circulation 

Be have employed various degrees of hypothermia in combination with extracorporeal 
circulation, and, as you can see, the va't majority of patient' have been only slightly 
cooled, and ventricular fibrillation has not been induced 

However, for the more 'erious tvpe' of Ie-ion with various types of acquired heart 
^ ,c ea'e and tetralogy of Fallot, arre't has been induced by general hypothermia low enough 
(o ln, iuce ventricular fibrillation Tin' permit' a lower flow than is nece~'ary under nonno 
thermic condition' 

This slide 'hows the rapidity with which a large patient can be cooled using thi' 
Novice Rewarnnng is slightly slower, of necc'-ity 

(Glide) We believe, too. that left atrial decompression is an absolute nece'~ity for 
ail > patient who lias a heart stopped by cold fibrillation or cold arrest We first used an 
entry through the left atnal appendage but found thi' rather difficult to manage, and have 
Soi ~; in the last year, employed a catheter placed posteriorly m the portion of the left 
atrium which present' on the right 'ide If one pa"e~ a catheter through this area, 
y°u can m some m=tances thread it through the mitral valve and simultaneously decom 
pre^s the left ventricle a' well This t= put in place m the early part of the perfusion, and 
d stays there until the heart stabilizes on coming off the pump 

I believe the combination of general hypothermia with induced ventricular fibrillation 
r dli cold has resulted in patients who are metabolically better off during the postoperative 
P e nod We have documented thi' m various ways, but it has al=o been clinically apparent 
0 all of u' .Vs an example of the effectiveness of the technique, there were two operative 
deaths m the ln't 1C operations for cyanotic tetralogy 

DR BEk^OX B ROE. Pan Franci'i o Calif—We liaie enjoyed the technical and clinical 
^vantages of both general and regional hypothermia in conjunction with our perfusion'. 

I think with considerable advantage to the patient a' Dr Gerbode indicated Indeed. 
Gunk that we could say that our postoperative pattern of acido'i' has been converted to one 
of alkalosis 


810 


GORDON, MEYER, JONES 


J. Thoracic and 
Cardiovas. Surg. 


I rise principally to submit a simplified technique which has versatility and which 
permits the use of a single heat exchanger for both cooling and warming, and for both 
regional and general hypothermia. 

The first slide demonstrates the method we now use routinely, which permits us to decide 
whether regional hypothermia is necessary during the procedure without necessitating ad¬ 
ditional equipment. This is our heat exchanger set up with the damp placed here, so that 
from the reservoir source a single pump carries the blood through the heat exchanger for 
general body perfusion to control body temperature which is routinely lowered to 30° C. 
or lower. 

If cardiac arrest is desirable, then this “Y” in the system is opened and the already 
cooled circulation is then partially shunted past the heat exchanger for continued body per¬ 
fusion. A smaller portion of the same pump output passes through the other side of the 
“Y,” through the heat exchanger (now connected to an ice water tank) and thence into 
the coronary perfusion. The clamp can be reshifted for body wanning afterward. 

(Slide) This is a “saddle” needle which rests like a saddle over the aorta, with a 
curved needle designed to lie inside the ascending aorta, without harming the vahe or 
piercing the posterior wall. 

(Slide) This slide shows it in place. It is tied with a piece of umbilical tape around 
the aorta and across the saddle, and lies unattended out of the operative field. 


DR. DON AT/D B. EFFLER, Cleveland, Ohio.—Scientific papers can be like old love 
letters in that the context written in all sincerity may be embarrassing when read years ater. 

On previous occasions, there have been references to a paper presented by Dr. F. Mason 
Sones, Jr., a member of the Department of Cardiology at the Cleveland Clinic. In this paper 
Dr. Sones cited the occurrence of myocardial necrosis at autopsy in patients who had sue 
cumbed following our early efforts in open-heart surgery. At the time of that publication, we 
did not understand the problems relative to fatal metabolic acidosis or the hazards of low 0 
perfusion; nor did we realize the myocardial changes that would occur in patients who 
gross overdistention of the ventricles and the attendant damage to the pulmonary r enoi 
bed. The myocardial damage described in that paper is no longer a frequent 
patients who do not survive operation whether cardiac arrest was employed or not. or 1 
record I believe that we should deal with present knowledge rather than a misconcep 


published almost 4 years ago. . 

Perhaps I have been stubborn in my continued use of elective cardiac arrest utilizi .d 
potassium citrate. It is still a very useful adjunct in surgery that utilizes ext ™° y^'L. 
circulation, but must be used properly and in selected cases. As rve have repo e 
times in the past, adults and children alike do tolerate potassium arrest for perio s o 
that may exceed 60 minutes. 

I agree with the authors that regional hypothermia is an extremely valuable 
particularly in surgery of the aortic valve; whereas our technical methods maj 1 
slightly, the basic approach is quite similar. I would like to emphasize again, 10 "^ ^ 
the necessity for proper and adequate left heart decompression while the isolate ica ^ 
perfused, and in particular during the rewarming period before the left ventnc e i 
gained its proper tone. t 

Ventricular fibrillation is almost invariably seen in patients who have had co - lr ™_ 
In patients who have had severe rheumatic heart disease with marked myocardia a ‘ 

and enlargement, this can be a real problem in resuscitation. In an earlier• pap 

Harken mentioned 1 case in which electric shock was employed over. 20 times ^ 

to convert ventricular fibrillation to an effective rhythm. Our experience has 

Ind for this reason we make no effort to defibril,ate the heart untti w. - b,r j“ jt 

temperature back to a comparatively normal level. If ventricular fibnl ation ^ ^ ^ 

sistent, we have employed one small trick that is worthy 0 "'"so tecuuque, and its 

of quinidine sulfate. Quinidine sulfate may be given by the Melrose 
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action can. be very prompt. We have employed it in large doses on occasion by direct in¬ 
jection into the extracorporeal circulation. When used in this manner, however, it may 
he conducive to rather severe hypotension even after an effective ventricular rhythm has 
been re-established. 

DR. A SENNXNG, Stockholm, Sweden.—There have been some deaths reported from 
cerebral damage after this type of procedure, and therefore I wish to discuss the con¬ 
ditions of the brain temperature. The brain temperature is dependent on many factors, the 
most important being the perfusion technique used. 

If we are using the femoral artery for the arterial cannulation and are using flows 
through the heat exchanger or through the pump that are significantly smaller than the 
cardiac output, then the upper part of the body, including the brain, is perfused by “warm" 
blood from the heart itself. 

(Slide) This slide shows an experiment where we have had a rather low flow through 
the double pumps and the heart has been in good action. The temperature in the brain is 
shonn here (indicating), and the one in the esophagus and rectum are shown here. 

The temperature in the brain falls very slowly compared to the temperature in other 
organs up to this point here, where the heart stops. At this point there is a difference in 
temperature of 12° C. Then the brain temperature also falls rather rapidly, but still here 
when it's 10° or 11° C. in the esophagus and the rectum, there is a temperature of about 
D. in the brain. 

(Slide) The next slide shows more or less the same as Dr. Gordon showed us in his 
excellent presentation. In this experiment the temperatures in the esophagus and the 
rectum have fallen to about 12° C., but the temperature in the brain is still 22° C. During 
an Educed circulatory arrest (this time it was 50 minutes), the temperature in the brain 
goes up from 22° to 25.6° C. I don’t think that a patient in similar condition could stand 
a cardiac arrest of 40 minutes. 

lie have to be aware of the possible difference in temperature between brain and 
esophagus and the rise in temperature during circulatory arrest. 

DR. ROLLINS HANLON, St. Louis, Mo.—My comments are applicable to the last 
Dro papers; namelv, selective hvpothermia in cardiac arrest as contrasted with generalized 

hypothermia. 

One of the reasons for uncertainty about the inocuou°ncss of cardiac arrest has been 
He lack of critical assessment of cardiac function after arrest and ischemia. Studies 
! 'hich have been done bv Dr. Willman and Dr. Howard and others in our laboratory bear 
this problem. 

(Slide) These are left ventricular function curves, with the upper curve allowing 
function in the control period before hypothermic arrest. After arre=t of the heart for 
U minutes in the dog, you can see that the ventricular function curve shows considerable 
oppression of left ventricular stroke v.ork in gram-meters. The temperature of the heart 
^ as hcen lowered to the point of arrest by the perfusion with cold blood, but witli cessation 
Perfusion the temperature of the heart has drifted upward, as was empharized by Dr. 
Gordon. With this elevation, the heart goes into ventricular fibrillation, followed by arrest; 
Hat is essentially anoxic arre=t. lienee mere arrest by cold blood with subsequent, rise 
)a temperature exposes the heart to the same damaging effects that one gets, theoretically 
a t least, from anoxic arrest. 

(Slide) In contrast, if one attempts to keep the temperature of the heart down bv 
■sternal and external lavage with cold solutions, you can fee that ventricular function is 
S°od after arrest, although not as good a? in the control period. This is a matter of how 
utficiently one cools the heart Jo'-.'dJy. 

(Slide i The final slide indicate-. t|,e use of total body hypothermia, so that the 
temperature of the lo-art really remains at 15'' 0. Under these circumstances with 30 
min «<*s of arrest, the ventricular function after renaming shows a curve that cioselv ap- 
Proximate'S control ' * 
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We would like to stress the fact that if one stops the heart by local hypothermia, un¬ 
less that cardiac hypothermia is maintained, the deleterious effects of anoxic arrest will 
become manifest. 

DR. JOHN 1. TEMPLETON, Philadelphia, Pa.—We have done some work in the 
laboratory, as have many of you, I’m sure, with double pumps and the heat exchanger. 
We have, in general, used, I think, a flow which is probably somewhat larger than Dr. 
Gordon’s having maintained it by addition of blood as required, and with this method the 
decrease in over-all body temperature is considerably greater. For example, muscle temper¬ 
atures are somewhat lower than he has stated here. 

I should like to show one slide (slide) to point out something about the carbon dioxide in 
this type of preparation. When one is using the intact lungs, one is using a gas exchanger 
which is a great deal more efficient than those which we are accustomed to use in the heart- 
lung bypass. This is an adult female patient who had an atrial septal defect, and was 
cooled to only 20° C. with this method. You will observe the very significant fall in the 
partial pressure carbon dioxide in the arterial blood, and the rise in the pH; this in spite 
of the fact that during this cooling period the patient was ventilated using a non-re- 
breatliing system witli 3 per cent carbon dioxide in air. You will notice that the PCO. 
of the arterial blood is quite close to the PCOj of the inspired air. 

DR. GORDON (Closing).—There are many more questions which could be raised 
regarding the clinical application of deep hypothermia. Our own investigations in this 
area are continuing in an effort to resolve some of the remaining problems. 

Early in our deep hypothermia experience we were concerned with the possibility of 
central nervous system damage. However, studies on over 60 dogs subjected to prolonged 
periods of circulatory arrest under deep hypothermia failed to reveal central nervous system 
damage when the duration of circulatory arrest did not exceed the limits defined in this 
report. Our experiences have been the same with the patients in this series. The absence 
of postoperative electroencephalographic changes, the absence of neurological findings, an 
the absence of behavior changes in these patients indicates to us that the central nervous 
system has been protected adequately. 

As regards brain temperature, our experiments in dogs reveal that the esophageal and 
brain temperature parallel each other closely when the thermistor probes are properly p ace • 
During circulatory occlusion, the brain temperature drifts up less than the esop ag - 
This probably results from the esophagus being surrounded by a large mass of w urine 
muscle and subcutaneous tissues, whereas, the brain is isolated and retains its temperature 
better. 

Anesthesia is not required when the patient’s temperature drops below 28° C. We have 
used 5 per cent carbon dioxide and 95 per cent oxygen as the inhalant during cooling an 
rewarming. There are a number of reasons wliich can be advanced for this use of car o 
dioxide. Our primary reason is that, in the hyperventilated patient, the addition of car on 
dioxide tends to preserve the base bicarbonate. This is important because there is a ways 
some degree of metabolic acidosis following rewarming. 

At the completion of rewarming the mixed venous pH is usually in the range of /-2 ■ 
When an adequate blood pressure is maintained the pH is usually back to normal wit nn 
8 hours. None of these patients has required intravenous bicarbonate or lactate pos 
operatively to combat acidosis. 

I hope that by the time of this meeting next year, many of you will have used deep 
hypothermia for intracardiac surgery and that we will have an opportunity to compare our 
experiences at that time. 
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Today cardioplegia achieved with potassium citrate (tEe Melrose tedm'q ) 

1 is condemned as vociferously as it was enthusiastica y acc a f , md 

ago. Other cardioplegie agents and techniques hare since een clinical 

in turn received with varying degrees of enthusiasm. _ e s , serious 

impression with others that induced cardiac arrest has o en P TC rdatorv 

impairment of myocardial function. However, hypotension 
failure cannot be ascribed solely to cardioplegia. The venti wto *omy ^ 
the hemodynamic adjustment required of the heart are ^P orta ^^X>^n- 
Because of the many factors involved in the success of a complicated 
heart procedure, the sui*vival of the animal or patient as cardio- 

unreliable or inadequate measure of the safety and ie a ive T! ^ accuratelv 

plegie agent. Our investigation was undertaken in or er 
to evaluate and quantitate different methods of elective cardiac r es . 

Samoff and Berglund* have shown that ventricular perfomance can he 
expressed as a function curve in which ventricular stroke work is ^plotted 
against the corresponding mean atnal or ventricular |? lhe data 

then- experiments, which did not involve ^ tll increments 

Here obtained bv progressively derating the P 

•f Mood tt.nsfcjd into tie experimental ante, . 

output teas measured hr means ot a flu's maw.. S ” 1 V 1 ’ “ I 

audied the effects of rentrieulotomy upon npht rentnculai function rams 
Samoff curres. They collected the necessary data by controlled xenons utter. 
We have emploved a similar technique m our own studies. 

the Division of Thoracic and Cardiovascular Surgery, Department of 8^, 
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METHODS 

Twenty-six mongrel dogs, averaging 9.5 Kg., were medicated with 4 mg. 
per kilogram morphine sulfate and anesthetized with alpha-ehloralose and 
urethane, after induction with Pentothal sodium. Heparin was the anticoagulant 
used, 5 mg. per kilogram. Extracorporeal circulation until total perfusion 
■was established for 15 minutes with a rotary pump and homologous lung 
oxygenator (Fig. 1). The perfusion circuit was then modified for controlled 
venous inflow and, at increasing flow rates from 600 to 3,000 c.c. per minute, 



LUNG 


PERFUSION ' FUNCTION CURVE 

Fig:. 1. 


the mean right atrial, pulmonary artery, left atrial and aortic pressures were 
recorded. With pressures converted to centimeters of water, the following 
formulas yield ventricular stroke work: 


BY stroke work (Gm.-meters) = 


Flow (c.c./min.) x (PA-BA p ressure) 
Pulse rate x 100 


LV stroke work (Gm.-meters) 


Flow (c.c./min.) x (Ao - LA pre ssure) 
Pulse rate x 100 


All function curves were determined at 35° C. The average maximum control 
stroke work for all left ventricles was 28.8 Gm.-meters, and for all right ventricles 
was 5.2 Gm.-meters. Function curves for each normal ventricle were con¬ 
structed by plotting each filling pressure (mean atrial pressure) against the 
stroke work which it produced (Curves I for Figs. 2, 3, 4). 

Total perfusion was then reinstituted and the heart arrested by one o 
the five techniques described later. After a 35-minute period of cardiac de¬ 
pression or arrest the heart was released and cardiac action resumed (wi i 




« No 6 aiyocardial bysfuxctiox after cardioplegia 

!V--b;r. 1960 


S15 


deSbrillation in 2 eases). Both atria were decompressed until cardiac action 
was adequate to prevent distention of the heart. Function (Curve II) was 
studied after 15 minutes of recovery perfusion, and again (Curve III) after 
an additional perfusion of 15 minutes (approximately 1 hour after arrest). 




Z 4 6 8 10 12 14 16 18 20 22 24 2 4 6 8 10 12 14 

AP - cm ftp AP-cm.Hp 


Fir. 3. 
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(In some experiments the effect of stimulating the isolated right stellate 
ganglion was evaluated [Curve IV].) The function curves thus obtained 
were then plotted together to form a family of curves produced by a single 
heart (Pigs. 2, 3, 4). 

Heretofore function curves of variously treated hearts have been compared 
by gross visual impression in regard to maximum peak, slope, and displace- 



AP-cmHzO AP-cm.Hp 


Fig. i. 

ment along the abscissa. 1-0 This comparison “by impression” does not allov 
statistical integration of several experiments. Every function curve repiesen s 
its heart’s functional capacity over the vide range of filling pressuies J 
which it might be challenged. It is impossible by any single formula to assign 
to every function curve a numerical value which is quantitatively sigm ican o 
function. However, the relative values of two curves in the same aim J 
may be expressed numerically as the average ratio between their stroke nor ■ 
over a range of atrial pressures. This average ratio is accurately 
by relating the areas under curves delimited by properly selected J*s 
(Vis 5). In these experiments control curves are considered lou P 
of ventricular function, and post-arrest curves are related to the contro c 
in terms of per cent. 
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RESULTS 

Acetylcholine (10 mg./Kg.) achieved arrest promptly when injected into 
the proximal, clamped aorta of normothermie dogs. In 3 dogs the aorta was 
released after a 3-minute arrest, and in 4 dogs arrest was maintained for 
15 minutes. Cardiac contraction returned promptly upon release of the aorta 
ia all cases. Post-arrest function curves are expressed as per cent of control 
function as shown in Table I. The average values for per cent function 
shown in Table I are plotted in Fig. 6. Significant is the finding that marked 
depression of both ventricles occurs after acetylcholine arrest of either duration, 
hut a more rapid recovery is found after the shorter arrest (Fig. 6). 


stroke work 
cm-meters 



ATRIAL PRESSURE 
cm HzO 



A. B C 

I = 100 % I = 100 % I = 100 % 

E = 70 % 65 % E= 55 % 

I, “' 5 Hypothetical function curves demonstrating method of deriving curve area and per 

cent of function. 


I.CONTROL 

It POST ARREST - 15 mm pert ACETYLCHOLINE - 3 mm. *-* 

nr. POST ARREST -30 mm perf ACETYLCHOLINE-15 min. A-A 


100 

80 

percent 

•■unction 

40 

20 


i n in i n m 

Pig S—Delayed recorery of %entricular function by prolonged cardiac arrest. 



Potassium citrate (2.5 per cent) produced immediate arrest in 7 normo- 
‘etnue dogs. In 3 animals, the aorta was released after a 3-minute arrest, 
nlo in 4 the arrest was maintained for 15 minutes. In all cases cardiac 
SCUon Resumed promptly. Function curves derived from these experiments 
converted to areas and per cent of controls, and results are shown in 
able II, Technical errors in the 3-minute arrest experiments produced in¬ 
applicable results, while 15-minute arrest experiments resulted in marked 
<e Pression of both ventricles with partial, but very incomplete, recovery 
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Table I. Acetylcholine Cardioplegia 



MAXIMUM STROKE WORK 

(GM.-METERS ) | 


PER 

CENT 

FUNCTION 


EXPERIMENT 

| RIGHT 1 

' LEFT 

RIGHT 1 

LEFT 

NUMBER 

I 

I n 1 

in 

I 

1 II 1 

III 1 

1 I 

I ii 1 

HI 

I I 1 

II I 

in 

AC-3 min-1 

3.5 

3.9 

4.4 

30.0 

25.1 

24.6 

100 

100 

112 

100 

79 

79 

AC-3 min-2 

5.3 

3.9 

4.6 

23.9 

10.3 

13.3 

100 

38 

67 

100 

36 

54 

AC-3 min-3 

4.0 

3.2 

3.7 

22.2 

13.4 

16.0 

100 

45 

110 

100 

27 

103 

AC-3 min- 













Aver. 

4.3 

3.7 

4.2 

25.4 

16.2 

18.0 

100 

61 

96 

100 

47 

78 

AC-15 min-1 

3.2 

1.5 

2.0 

27.1 

12.5 

11.1 

100 

25 

38 

100 

18 

25 

AC-15 min-2 

6.0 

3.7 

5.1 

25.2 

16.5 

19.4 

100 

45 

76 

100 

24 

53 

AC-15 min-3 

2.6 

1.2 

2.1 

21.4 

15.4 

20.0 

100 

72 

86 

100 

86 

94 

AC-15 min-4 

5.0 

3.2 

3.0 

24.6 

14.0 

19.8 

100 

59 

59 

100 

60 

85 

AC-15 min- 













Aver. 

4.4 

2.4 

3.1 

24.6 

16.6 

17.6 

100 

50 

64 

100 

50 

64 


Calculations of integrated areas are available from the authors upon request. 


occurring during the 15-minute additional perfusion. The results of Experi¬ 
ment KC-15-2 are plotted in Fig. 2 as an example of this severe myocardial 
depression. 


Table II. Potassium Citrate Cardioplegia 



[ MAXIMUM STROKE 

WORK 

(GM.-METERS) 

■ 


12233 



EXPERIMENT 


RIGHT 


1 

LEFT 





■ | 

33321 


NUMBER 

I 

1 ii l 

III 

i i 

1 ii 1 

III 

■ 1 

5 1 



mm 

1 111 


4.4 

3.7 

3.2 

31.2 

24.2 

21.3 

100 


mm 


74 

57 


4.1 

5.1 

4.9 

40.0 

28.6 

28.5 

100 

144 

83 


75 

54 

92 

£ sin El 

4.1 

3.7 

3.1 

20.5 

19.8 

19.3 

100 

97 



76 

KC-3 min- 

Aver. 

4.2 

4.1 

3.7 

30.6 

20.9 

23.0 

100 

108 

82 

100 

ID 


KC-15 min-1 

3.4 

4.0 

2.9 

22.0 

21.4 

28.2 

100 

86 

80 

100 

54 

127 

19 

90 

68 

ETC-15 min-2 

4.5 

1.6 

2.0 

26.8 

4.5 

7.7 

100 

38 

47 

100 

16 

KC-15 min-3 

5.1 

4.7 

4.5 

33.3 

28.2 

28.4 

100 

90 

97 

100 

86 

KC-15 min-4 

3.3 

2.0 

2.9 

26.4 

15.8 

18.7 

100 

54 

88 

100 

i) 2 

KC-15 min- 
Aver. 

4.1 

3.1 

3.1 

27.2 

17.8 

20.8 

100 

67 

78 

100 

52 

76 


Hypoxic arrest was achieved by simple aortic occlusion in 4 normotheinnc 
dogs. Cardiac action ceased on an average of 6 minutes after occlusion. 
After 15 minutes of occlusion, the aorta was released and cardiac action resumec 
spontaneously in 3 hearts. In the fourth heart, electrical defibrillation " <IS 
easily accomplished. Table III shows conversion of post-arrest function cuncs 


Table III. Hypoxia (Aortic Occlusion) 



1 MAXIMUM STROKE WORK 

(GM.-METERS) | 


PER 

CENT 

function 


EXPERIMENT 

NUMBER 

RIGHT 


LEFT 

1 


RIGHT 


LEFT__ 

1 I 

1 ii f 

in 

I 

( ii 1 

nr l 

I 

! n | 

irr 

I 1 

JI 1 


X-15 min-1* 
X-15 min-2 
X-15 min-3 
X-15 min-4 

3.6 
5.0 

5.6 

8.6 

0.9 

2.4 

3.1 

3.8 

0.9 

3.0 

3.4 

5.6 

38.0 

24.2 

29.1 

26.9 

10.7 

19.0 

24.4 

10.3 

Ifi 1 

6.7 

17.5 

32.1 

17.2 
i c n 

100 

100 

100 

100 

29 

52 

50 

48 

A^ 

25 

60 

54 

66 

51 

100 

100 

100 

100 

-Too" 

28 

67 

69 

32 

49 

68 

104 

34 

55 

X-15 Aver. o.i c.u —--- 

•Electrical defibrination. 
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to per cent of control function. Yentrieular depression occurred in the same 
range as following 15-minute arrest by acetylcholine and potassium citrate. 
It should be noted, however, that the hypoxic arrested hearts were quiet for 
an average of only 9 minutes, and recovery from hypoxic arrest is more 
delayed than that following arrest by the drags tested. Experiment X-15-2 
is plotted in Pig. 3 as an example of myocardial depression from hypoxic arrest. 



n m in 


Figr- 7.—YVrntrfcnlar fuwtion follov.ina G*ir*iloiA*sztSi- 


■Aortic occlusion at 25~ C. for 15 minutes <during which time the animal 
rvas rewanned and the heart remained below 29 ('.) was performed jn 

experiments. As in the other experiment*, myocardial function was measured 
at 35- f*. In. each ease the heart, moved quietly until releav.- of the ao/la, 


wnen good cardiac action re-eirm-d immediately, f'o;t-arre;t function curve-; 
were converted, to per cert* of control of function viable IV). In this ierie- 
°f experiments, both vent rich--, showed d"pre/don and more rapid recovery 
than was fo-md hr arr*- of the three previov-ly teye/J methods ot cardioplegia. 
Fig. a illnstTat'ft tr." favorable influence of hypothermia ?ri de'ermined 
Exy.-riraerit 25'-15-2 


if! 
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Results of the four techniques considered thus far are summarized in 
Pig. 7. Approximately 50 per cent loss of function occurs in both ventricles 
after 15-minute cardioplegia by each technique except for aortic occlusion 
at 25° C., where 70 per cent of function is retained by both ventricles. After 
an additional 15-minute perfusion, further recovery occurs in all cases: to 
51 per cent and 55 per cent in the right and left ventricles, respectively, 
after simple aortic occlusion, 64 per cent and 64 per cent after acetylcholine, 
78 per cent and 76 per cent after potassium citrate, and 108 per cent and 82 
per cent after hypthermic aortic occlusion. The last method appeal’s to be the 
least harmful. 

Sympathetic stimulation: In 12 dogs, a fourth function curve was derived 
immediately after obtaining Curve III (on an average of 80 minutes post¬ 
arrest) . During this phase of the experiment, the isolated right stellate ganglion 
was stimulated continuously with 20 to 30 volts at 25 cycles per second. The 
purpose of this maneuver was to determine whether elective cardiac arrest 
impaired the heart’s responsiveness to sympathetic stimulation. In 75 per cent 
of cases (see Pig. 3), Cuiwe IV revealed improvement over Curve III but, 
because control stimulation curves were not made, it is not known whether 
the additional improvement was spontaneous or induced. More conclusive 
studies are now in progress. 

Total body hypothermia to 15° C. with interruption of perfusion for 15 
minutes was performed in 3 dogs. Cooling and rewarming was effected by 
a heat exchanger in the extracorporeal circuit. In each experiment a quiet 
but tonic heart was produced, and in only 1 case was defibrillation necessary 
upon recovery. The results shown in Table V reveal wide discrepancies with 
a general tendency toward delayed loss of function. These findings may rep¬ 
resent the delayed effect of hypothermia and rewarming. Since no metabolic 
studies were performed in this series of experiments, the data allow no con¬ 
clusions. 


Table V. Hypothermia ( 15 °) 


EXPERIMENT 

NUMBER 

1 MAXIMUM STROKE WORK 

(CM.-METERS) 1 


PER 

CENT 

FUNCTION 

. 

RIGHT 

; LEFT 

RIGHT 

1 LEFT 

I 

1 II ! 

III 1 

i 

1 II 1 

' 111 

i i 

1 ii 1 

in 1 

I I 

1 II 1 

I_H_ 

15-15-1 

3.6 

2.9 

2.8 

24.7 

18.5 

21.2 

100 

64 

46 

100 

55 

61 

15-15-2* 

2.8 

4.2 

4.3 

18.9 

15.5 

16.5 

100 

142 

139 

100 

101 


15-15-3 

9.8 

2.7 

7.8 

23.3 

14.2 

12.0 

100 

59 

52 

100 

56 


15-15-Aver. 

5.4 

3.3 

4.9 

22.3 

16.1 

16.6 

100 

88.3 

79.0 

100 

70.7 



♦Electrical defibrillation. 


DISCUSSION 

Investigations on cardioplegic agents have been carried out by a lanet.v 
of methods. These include observations on the recovery and contractility o 
the isolated heart or on the isolated heart metabolically supported by a doiioi 
animal. Studies have been reported on the period of time for pump support 
following cardiac arrest in order to achieve a satisfactory and stabile avferia 
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pressure. Other investigations concern the oxygen consumption of the arrested 
heart or the developing tissue acidosis. Survival statistics have been compared 
between, animals undergoing cardiac arrest and those in which coronary 
perfusion was uninterrupted, or interrupted by simple aortic occlusion. Finally, 
histologic changes in the myocardium of surviving animals have been reported. 
-Is compared to these methods, ventricular function studies by the Sarnoff 
technique have the distinct advantage of stressing the heard to the point of 
maximum performance while allowing a rough quantitation of this performance. 
Moderate or even minor impairment of nivocardial function is thus revealed. 

In a series of recent reports, Hanlon and his associates 5, G have shown 
marked depression of left ventricular myocardial function after a 30-nrinute 
arrest with either potassium citrate, acetylcholine, a mixture of prostigmine. 
magnesium sulfate and potassium citrate, or aortic occlusion. There was 
reduction in maximum stroke work performance from the control value of 
25 to 50 to less than 10 Gm.-meters of work, when measured 10 minutes or 
2 hours post-arrest. Less depression was noted after potassium arrest for 20 
minutes. Partial protection of the heart was provided by previous digitaliza- 
tion or cooling to 28° C.. and partial recovery was effected by administration 
°f Wyamine. Veirich, Jones, and Burke 7 have noted a similar effect on 
myocardial function with increasing deterioration as the period of arrest was 
prolonged from 5 to 20 minutes. The effect of potassium citrate, acetylcholine, 
or simple aortic occlusion was roughly the same. 

Braunwald, Morrow, and their associates 8 found severe depression in myo¬ 
cardial function after 20 to 30 minutes of arrest with either potassium citrate 
°r acetylcholine. Using intermittent aortic occlusion, however, -with 4 minutes 
°r occlusion and 1 minute of release alternately over a period of 30 minutes, 
they found no significant depression. 

The ventricular function studies reported in this paper were commenced 
before the work of the above investigators was known to us. Our methods 
mid our results are closely similar to those of these authors. However, a valid 
method of integrating the data of identical experiments has been devised. 
Permitting us to compare statistically the results of any given type of arrest 
m a series of experiments (Fig. 5). The data obtained were thus analyzed and 
Justify the following conclusions. 


conclusions 

, T. Cardiac arrest for 15 minutes by any of the techniques studied results 
ln depression of myocardial function to 50 to 70 per cent of control function 
Mien measured 15 minutes post-arrest. 

2. Partial recovery of myocardial function occurs with an additional 
5-minute perfusion. 

3. At normal body temperature, 15-minute cardiac arrest by potassium 
mtiate and by acetylcholine, and 15-minute aortic occlusion, cause similar 

ugrees of depression, although recovery appears to be most rapid after potas- 
mum citrate and most delayed after hypoxia. 
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4. Prolongation of cardioplegia results in greater depression of myocardial 
function, and further delay in recoveiy of function. 

5. Hypothermia to 25° C. partially protects the heart rendered hypoxic 
for 15 minutes and, in comparison with other methods studied, cardioplegia 
by this technique resulted in least depression and best recovery of myocardial 
function. 

We are indebted to Dr. Stanley J. Sarnoff for his suggestions which have aided in the 
conduct of these experiments and in the preparation of this manuscript. 

We acknowledge with gratitude the following contributions: heparin from The Upjohn 
Company, acetylcholine from Merck Sharp & Dohme, and blood donor bottles from Abbott 
Laboratories. 
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